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maintaining B.L.4. excellence 


COMBINED WELDING AND GUTTING BLOWPIPE 


for WELDING 


Designed to provide the operator with a 
strong well balanced unit combining 
maximum power with maximum safety yam 
Based on many years’ practical experience, ( HARRIS) 
design of B.1.G. cutters incorporates the ——— 
following unique features 
Cupro nickel gas tubes 
Silver solder joints 
Nozzle mixing of gas which is best 
deterrent to flashback 
One-piece solid copper nozzle 
Special high pressure oxygen seats 


.-- and built to B.1.4. standards 


British Industrial Gases Limited 


} 700, GT. CAMBRIDGE RD, ENFIELD, MIDDX. Telephone: ENField 4022, Telex: 22838 


Sales and Technical Assistance available in most areas 








G 


150 D Tankhead on site. 


most 
reduced 


form 


with the 


gas insulated 


BALTOSPOT G 150 


X-Ray unit 
Type D - 60° 
Type P - 360° 


Manufactured by : 


sYell(=Xele 


USINES BALTEAU S. A. 
LIEGE - Belgium. 


Available in the U.K. from: 
Messrs. PANTAK LIMITED, 
Vale Road, 

WINDSOR.- Berks 





SUPPLY 
Bulk Liquid and Cylinders 


CARBON DIOXIDE 


STORAGE 
Installation and Maintenance 


THE DISTILLERS COMPANY LIMITED - CHEMICAL DIVISION 
Carbon Dioxide Department - Devonshire House - Piccadilly - London - W1 - Mayfair 8867 
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AEI ) IGNITRONS 





AE! ELECTRONICS DATA SHEET 
Subject IGNITRONS — RATINGS 


Welder types 





Maximum Demand* Maximum average* 
Types ” anode current 


(Amps.) 


Temperature 
control 








BK 22 450 15 i 
BK 24 1200 140 - 
BK 24A 1200 140 Integral 
BK 24B 1200 140 Clamp on 
BK 34 2400 355 - 
BK 34A 2400 355 Integral 
BK 34B 2400 355 Clamp on 
BK 42 600 56 
BK 42A 600 56 Integral 
BK 42B 600 | 56 Clamp on 
BK 66 300 22:4 : 














* Ratings are for welder control service and refer to two valves in 
inverse parallel at any voltage from 250-600v. r.m.s. 


Associated Electrical Industries 
Rectifier types 


manufacture the widest range ol 








NM ave ——" 
Tyee Maximum peak voltage Aaximum average current 
: at peak voltage 


moreover all AEI ignitrons are inter- (Kilo volts) 
1 (Amps.) 


ignitrons in the United Kingdom — 





; reable th the corresponding 

changeable wi ( I } “90 : - 
American types. Whatever the job, BK 46 Re 
BK 56 } ne 








from the AEI lists you can select the 





‘ig alve. 
a vn t Tentative ratings 


Write for Leaflet 5851-8 





ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


LINCOLN, ENGLAND 





ELECTRONIC APPARATUS DIVISION 


A.5447 
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The INVICTA range of Electrodes covers most 
arc welding applications, and is in world-wide service throughout 


the shipbuilding and engineering industries. By choosing 





a specifically designed INVICTA Electrode, you can be sure 


of a perfect arc welding job every time 





‘GENWAY’ ELECTRODES 


High quality, general purpose Electrodes 
for welding in all positions. Easy manipula- 
tion on wide range of joints. Readily 
removable slag from fillet welds exposes 
perfectly clean weld metal free from 
undercut. 


‘SPEEDWAY’ ELECTRODES 


Most economical due to fast running at 
comparatively low currents with very 
good penetration. Excellent for general 
engineering work, simple operation and 
easy slag removal. 





APPROVALS 

The Admiralty (all gauges mild stee/) 
Ministry of Transport 

Lioyd’s Register of Shipping (United 
with British Corporation Register) 
Complies with B.S.S.639/ 1952 
NORWEGIAN 

Det Norske Veritas—ail positions 

Also for welding *‘W' and ‘WW 
quality steels 

Full details gladly sent on request 


INVICTA ELECTRODES LTD. BILSTON LANE WILLENHALL, STAFFS. 
Telephone: James Bridge 3131. Extension: 308. 


Member of the Owen Organisation 
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WHEN SAFETY IS VITAL 


Marconi X-ray inspection 
removes all doubt 


A Marconi 250 kV mobile industrial X-Ray unit, 
supplied to Babcock & Wilcox Ltd., in use for 
weld inspection at Hinkley Point nuclear power 
station. 


The Marconi 250 kV Industrial X-Ray Unit offers every feature desired by the 
discriminating industrial physicist and radiographer. It is widely used in a number of 
industries, including shipbuilding, aircraft, iron and steel, motors, boiler-making and 
heavy electrical engineering. For full details of this versatile equipment, send for leaflet AQ2 


MARCONI (0; 1 


Please address enquiries to MARCON! INSTRUMENTS LTD. at your nearest office: 


London and the South Midlands North 
Marconi House, Strand, London, W.C.2 Marconi House, 24 The Parade, Leamington Spa 23/25 Station Square, Harrogate 
Telephone : COVent Garden 1234 Telephone: 1408 Telephone : 67455 


Export Department : Marconi instruments Ltd., St. Albans, Herts. Telephone: St. Albans 5616! 
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Now available in 90 & 120 cutting widths 


Hancomatics! Today’s finest range of dual carriage oxygen ———— are rae ea 
profiling machines. In addition to machines with 40” and ...and the NEW | 
62° cutting widths, there are now Hancomatics with go” and . 

120° cutting widths. Hancomatic means top speed, preci- Electronic HANCOLINE 


sion cutting —every time; as clean as nearly 40 years traces from pencil 
specialist experience in cutting can ensure. drawing automatically 


NEW sleek enclosed machine tool appearance, 


protecting moving parts from dirt and dust. Cut width compensation —on 


tracer head. 
NEW rigid box construction. 


NEW electrically operated cutting oxygen valve with 


No need for templates. 
instant shut-off. 


Equipped with the Hancock 
patented roller drive — no 
physical contact between 
tracer and drawing. 


NEW tracer head for operation from all types 
of template. 


* The 120° width machine is Britain’s 
largest. A standard machine of this type 
can be equipped for a cutting area of as 


Supremely simple in opera- 
much as 500 square ft. 


tion. 


| 
| 
| 


The new Hancomatic embodies the best 
principles of oxygen cutting in a hand- 
some, enclosed streamlined machine. 
Take a big step towards streamlining your | Send for descriptive leaflet. 
production. Write for details: 


HANCOCK & CO. (Engineers) LTD. 
PROGRESS WAY - CROYDON - SURREY - Telephone: CROydon 1908 


Available with 38”, 60", 90° and 120° 
cutting widths. 


rn 
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You can no 


w specify 


VULLARD 
IGNITR 


ONS 


Welding equipment designers and maintenance 
engineers can now specify ‘‘Mullard’’ when 
ordering ignitrons ...a Mullard range of six 
types with internationally available equiva- 
lents has recently been introduced. 


Five are intended primarily for resistance 
welding, and make possible the exact control of 
extremely heavy currents to provide uniform 
and reliable welds. Thermostats may, of course, 
be fitted to provide protection against over- 
heating or to economise in the use of cooling 
water. The sixth type in the range is designed 
specifically for controlled rectification at high 
power. 


Brief details are given here—for further infor- 
mation please write to the address below. 


TYPE No 
SSSIA 
5552A 
2052A 
5822A 
5553B 
5555 


See Mullard valves and tubes 

on Stand M559 at the 
INSTRUMENTS, ELECTRONICS 
AND AUTOMATION EXHIBITION 


MAY, 1960 


SIZE 
B(600 kVA)  ... For | or 3-phase welding control 
C (1200 kVA) ... For I-phase welding control 
C (1200 kVA) ... Special alternative C size 
—- ... For 3-phase welding control 
D (2400 kVA) ... For | or 3-phase welding control 
— ... For controlled rectifier duty 
at 1S0A (continuous) with 
a P.I.V. of 2.1 kV. 





COMETS 
A ie GOVERNMENT AND 
#ia@ INDUSTRIAL VALVE DIVISION 


Mullard Limited - Mullard House 
Torrington Place - London - WC1- Tel: LANgham 6633 
RMVTIN 
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STANDARD SPOT WELDERS 
Available from stock 


aximum 


| 
| 
| 
| 





| 


0-028" (0-7 mm) Mild Steel 








| 1,800 | 
| 1,500 | 





* Ratings in line with BS 306S:1959 
+ At 80 Ib/sq in (5-6 kg/sq cm) air supply 


Send for this booklet 








TRANSFORMER DIVISION —- HEATING & WELDING DEPARTMENT 
Trafford Park - - - Manchester 17 





Npodetnise your workshuye and reduce costs! 
USE DUAL PURPOSE SEAM WELDERS 


All welded construction 
for strength and rigidity. 


Water-cooling throughout. 


All Electrode Bearings of Special Copper Alloy. 


Simple Layout of Transformer and ancillary 
apparatus for Easy Maintenance. 


Wide Range of Current and Pressure 
Adjustment with hand control. 


All Machines can be used with Modulators or 
with full Electronic Control. 














One machine only required for 





long and end seams. To change-over, the 








upper electrode is merely turned 


through 90 deg. and the lower electrode 





holder replaced; the whole operation 


takes 20 minutes. 





Siemens-Schuckert 
(Great Britain) 
Ltd 


DEPT 891 
FARADAY WORKS - GREAT WEST ROAD - BRENTFORD - MIDDLESEX 


TELEPHONE ISLEWORTH 2311 TELEGRAMS: SIEMENSDYN, BRENTFORD, HOUNSLOW: TELEX No. 25337 
BIRMINGHAM: TEL. MIDLAND 8636 CARDIFF: TEL. CARDIFF 72094 GLASGOW: TEL. CENTRAL 2635 
MANCHESTER: TEL. ALTRINCHAM 2761 2 NEWCASTLE: TEL. WALLSEND 623461, 624514 SHEFFIELD: TEL. 27218 Smee's 9/ 
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SATURN 


AND THE 
‘SCOTTISH 


MONARCH’ 


In shipbuilding, as in many 
other industries, Saturn 
gases and equipment play 
their part. Arecent example 
of this is the Motor Vessel 
‘Scottish Monarch’, 9,466 
tons—built at Sunderland 
by Messrs. Bartram and 
Sons Ltd. and launched in 
June 1959. Here, Saturn 
gases and Saturn B.G.T. 
equipment were used ex- 
tensively in her construc- 


tion. Can Saturn help you? 


Saturn Industrial Gases: Pyrogas, Orygen, Dissolved 
Acetylene, Argon, Nitrogen and Hydrogen. Saturn 
also manufacture and supply the famous B.G.T. 
equipment and Saturn-Hivolt surge injector argon 
arc welding machines. 


SATURN INDUSTRIAL GASES LIMITED 


Gordon Road - Southall - Middlesex - Telephone: Southall 5611 
BRANCHES: GLASGOW - ALDRIDGE - MANCHESTER - SHEFFIELD - LYMINGTON - SUNDERLAND - THORNABY-ON-TEES 
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Excellent Penetration — high rate of deposition 
up to 27” per minute 


Weld deposit low in nitrogen, hydrogen and 


oxygen 
Excellent shape and metallurgical quality of weld 


Permits current densities 3-4 times those of 


normal hand welding 


% Highly resistant to hot cracking 


Special composite wire improves stability of arc, 
P P 


reduces spatter and permits running on A.C 


Adaptable for fully automatic welding. 


COMMERCE WAY - CROYDON 


| | 


Full technical data on request from 


ROCKWELD 


LIMITED 
SURREY Telephone: CROYDON 716! 
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ELEGTRO-SLAG WELDING—NEW APPLICATIONS 


THINKING AT THE DESIGN STAGE 


A new process frequently offers unique opportunities for improvement in quality, for lowering of production 
costs or even scope for truly original application. Re-assessment of problems in design may be possible. 
To promote new thinking at the design stage two new applications for electro-slag welding by the 
Rockweld-Vus Vertomatic machine are described. 

SL oer > aap 

— + ‘ Ss 


Maes 3 


Adding a section 


A homogeneous 
T-weld 


(At right) 
Two-inch thick plate 
Teed to 23 thick 





plate 


(Above) One of many shapes of section which can be 


added to a plate or existing section 


This particular section was 
obtained with a single water 
cooled shoe on a flat sur- 
face. It could equally well 
be applied to a cylindrical 
surface. The shape is only 
typical of many which 
could be adopted and quite 
a wide range of low alloy 
steels can be imposed on 
dissimilar steel plates or 
forgings. The considerable 
depth of penetration in 
this example will be noted 
but penetration can be 
varied to suit particular 


requirements. 





= 


ADVANTAGES OF THE 
ELECTRO-SLAG PROCESS 


Vertical Welds in heavy material, impossible by 
conventional methods. 

Unlimited thickness can be welded. 

Manipulation of work into position suitable for 
conventional welding, difficult and expensive with 
unwieldy heavy sections, is avoided. 

Elaborate plate preparation is eliminated. 

All welding is done in a single pass—the de- 
slagging and chipping unavoidable with multi-pass 
welding is eliminated. 

Comparative little flux powder is needed and there 
is no need for continuous flux recovery. 

High thermal efficiency allows outstanding econ- 
omy in welding power consumption. 

Can replace heavy forging and casting of heavy 
parts. 

Plate need not be accurately aligned. 

The process is fully automatic. 

Very high rate of deposition—up to 40 to 50 Ib. 
per hour. 


*Production time can be rated in hours instead of 
days, with less welding labour. 


T-welds in heavy plates or 
forgings often present prob- 
lems in design and con- 
struction. Homogeneity 
and shaping of such welds 
may be difficult in execu- 
tion by conventional weld- 
ing methods. Electro-slag 
welding overcomes such 
difficulties, provides 100°, 
radiographic results and 
mechanical properties su- 
perior to plate material for 
most constructional steels. 
No plate preparation is 


necessary for this weld, 
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WELDING DATA 


Welding data provided on this experimental 
section is not necessarily the optimum which 
could be derived from further tests: 

Welding current 600/650 amps. 
Welding voltage... ee ... 36/38 V 
Vertical speed of welding... 48” per minute 
Wire consumed 0.5 Ib. per inch of weld 
Plate thickness... aa = 2}” 


WELDING DATA 


This weld was carried out with a single wire 
of 4” diameter. A fixed water cooled shoe 
was placed on one side of the preparation 
and a special movable shoe on the other side, 
using a standard Vertomatic machine. 

Welding current 525/550 amps. 
Welding voltage ... = .. 45/46 V 
Vertical speed of welding... 31.5” per hour 








Repair Weld-Save More | WITH Low HEAT INPUT 


CEUTECTIC “Little Hugh-Tec’’ symbolizes the unique and embrittlement associated with con- 
advantages of Eutectic’s *‘Low Heat Input’’ ventional high-heat methods. 


process for joining all metals Over 50 years of continuing research 
The principles of fusion welding have and development at the Castolin/Eutectic 
been known and practised for thousands of _ research centres in Switzerland and the 
years and during the last century many U.S.A. have produced a range of over 100 
developments have been made inthetech- alloys specially formulated for joining, 
niques and application of heat. Unfortu- machinable build-ups and extreme wear 
nately, the adverse effects on the base resistant overlays—all utilizing the “‘Low 
metal of the high heat input required for Heat Input’’ concept. 
fusion are inherent and cannot be altered. Words cannot adequately convey the 
In many cases, complicated after-treatment advantages of the method and the time, 
is required in an effort to restore the money and materials saved 
damaged molecular structure of the metal You are invited to return the coupon 
Whilst ‘Eutectic Low Temperature below and see our products in action for 
Welding Alloys’’ use conventional welding yourself. They have already achieved world- 
and brazing equipment, they are based on wide acclaim: Plants in London, New York, 
principles exclusive to EUTECTIC. Utiliz- Lausanne, Paris, Frankfurt, Montreal, 
ing the phenomenon of surface alloying Johannesburg, Bombay, Melbourne, Tokio, 
first discovered by the founder of the Mexico City, Puerto Rico, Sao Paulo and 
Company, J. P. H. Wasserman, in 1904, Buenos Aires. Affiliated Companies in 
they give a bond below the critical heat Brussels, Vienna, Caracas, and Lima. Repair 
range, which is better, faster, safer, reduc- © Weld—Save More sales and service in 100 
Regd. Trade Mark ing to a minimum the warping, distortion countries 

















EUTECTIC PLEASE SEND 
Send now for FREE literature giving fuller information "|. ‘Geen iieerecere end Thee 
SEE for yourself! Ask for our local Technical Consultant 
to give you a free demonstration and weld savings report Technical Consultant 


Ca stolin NAME 


@urecric) J EUTECTIC WELDING ALLOYS CO. LTD. | °° “°° 


— 


Reed. Trade Mark NORTH FELTHAM TRADING ESTATE - FELTHAM - MIDDX - Phone: FELtham 6571 


RESISTANCE WELDING MACHINES. 


A COMPREHENSIVE RANGE OF MACHINES CAN BE SEEN 
IN OUR WELDING DEMONSTRATION WORKSHOP 


WE INVITE YOUR ENQUIRIES 


MERITUS (BARNET) LTD. 


BARNET, HERTS. BAR. 2291/2 
Gold Medal and Bronze Medal. Brussels World Exhibition 1958. The Engineering Centre Collective Exhibit. 
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Handel didn't need Bennett’s gloves— 


but handlers do! 


A wide range of quality Industrial 
Gloves, Mitts, Aprons and Clothing 
in leather, rubber, asbestos, plastic 
and various fabric materials are made 
and stocked for all trades and pro- 
cesses. Technical representatives are 
available for consultation in all parts of 
the British Isles at short notice. 


— 4 7 
— anh Ast of 41 
ee |: i 
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BENNETT’S INDUSTRIAL GLOVES 
H. G. BENNETT & CO. (Gloves) LTD. - Industrial Glove Specialists - LIVERPOOL 23 - Tel. GREat Crosby 3996/7 


cvs-'15 








SPU HNN 


| 


is the primary requirement for anti-corrosive treatment 


Wherever there is a corrosion 
problem, surface preparation is essential 

and Vacu-Blast is the natural answer. Whether it be 
metal spray, rubber covering, plastic coating or painting, the simple rule applies— 
“clean surface thoroughly before application’; yet thousands of tons of expensive 
materials are wasted annually by failure to comply. Vacu-Blast offers the means to 
secure this basic requirement because it incorporates a dust-free closed circuit 6 PAE I/D 
system of grit blasting especially suitable for in situ work on piant installations. / 
Demonstrations can be arranged on request. 


VACU-BLAST LTD., WELLCROFT ROAD, SLOUGH, BUCKS. _ Telephone: Siough 24507-8-9 
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Whenever you face the problem of how to join one metal 

part permanently to another, think of silver brazing 

for it is often the best method. 

Great strength and neat finish are features of this modern 

process, and when the higher temperatures required for welding 
or spelter brazing may bring danger of distortion or loss of metal 
temper, low temperature silver brazing often provides the 

perfect solution —and the perfect joint. 


Technical data sheets covering 
all aspects of the technique of 
silver brazing are now being 
published. May we add your 
name to our mailing list? 


Johnson </> Matthey 


LOW TEMPERATURE SILVER BRAZING ALLOYS 


JOHNSON, MATTHEY & CO., LIMITED, 73-83 HATTON GARDEN, LONDON, E.C.l 
Telephone: Holborn 6989 


Vittoria Street, Birmingham, |. Telephone: Central 8004 75-79 Eyre Street, Sheffield, |. Telephone: 29212 
B.92 
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Head Wrightson Teesdale Limited 

have extensive experience in the design 
and manufacture of equipment for 

the iron and steel industry, the petroleum, 
chemical and nuclear industries. 
Additionally, their products are supplied 
to the railway and harbour authorities. 
This service is backed by a Class | 
Welding Shop with modern X-ray 
equipment suitable for examining 
materials up to 3” in thickness. 

Their skill in this field enables them 

to offer a testing service for 


NON-FERROUS — se — new or 
MATERIALS 


Welding Tube Ends in a Stainless Steel 
Cooler supplied for an Experimental 
Nuclear Reactor. Welding by Argon 
Gas Torch. 


HEAD WRIGHTSON TEESDALE LIMITED 


TEESDALE IRON WORKS THORNABY-ON-TEES 
LONDON JOHANNESBURG SYDNEY CALCUTTA 
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eight 
Saffire 


has many 


advantages 


Light to handle 
Beautifully balanced 
Designed by experts 
Precision made 
Greater flame stability 


Surer resistance to backfire 


BRITISH OXYGEN GASES LIMITED 


industrial Division, Spencer House, 
27 St. James's Piace, London S.W.1 


A KO pany 
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They'te busy at Bedewell / 


(THE HOME OF YATES PLANT) 


eM | Vc 
° » “ 


General view of one of the Bedewell shops. 


These photos were taken recently at Bedewell Works, 
Hebburn-on-Tyne, the Baker Perkins Group factory where 
Yates Plant equipment is made. Here, a full range of patented 
welding manipulative equipment is manufactured, all with 
the latest exclusive refinements developed by Yates Plant and 
all built to the highest engineering standards. 


/-\ 8 =8 PLANT LTD 


WHIDBORNE STREET, LONDON WCi1 
Telephone: TERminus 0568, 0842 Cables: Manipul, London 


A MEMBER OF THE BAKER PERKINS GROUP 


MAY, 1960 


Erecting a “mammoth” 45 ft. column and boom. 
This umit has been supplied for work in atomic power 
Station construction 

vee 
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Droplet Transfer During Arc Welding in 
Various Shielding Gases 


The paper briefly reviews some important investigations on droplet transfer in 
the arc welding of steel with a consumable bare wire, and discusses the results 
obtained from high-speed cinematography, particularly the remarkable droplet 
transfer in CO, with the wire connected to the positive pole. Oblique melting of 
the wire is ascribed to the radiation towards the side of the weld bead (speciall) 
marked at not too low travel speeds), and the coarse drops are attributed to 
heavy contraction of the arc plasma. That the droplet transfer in argon at 
sufficiently high current values is not one-sided was ascribed to the predominant 
role played by the arc plasma, which shows less contraction and therefore has a 
large anodic contact surface with the droplet. The strong contraction of the arc 
plasma with CO,, as a result of which the contact surface of the arc was always 
smaller than half the surface of the hanging drop, has to be attributed to the 
strong temperature gradient in the radial direction. Although the heat conduc- 
tion at very high temperatures is not yet known for CO., in contrast with that 
of the inert gases and of nitrogen and hydrogen, it is probable that the heat 
conduction of CO, must be very large. 

Owing to the very small cathode spot very coarse and irregularly shaped drops 
are found in CO, and in argon when the wire is connected to the negative pole. 
The cathode spot moves so quickly that exposures with 3000 frames per second 
are still too slow. The addition of substances giving strong thermal electron 
emission to the surface of the wire can greatly increase the size of the cathode 
spot, and with argon a droplet transfer is obtained which is similar to that at the 
positive pole. This is also the case with CO, but it is not possible to reduce the 
coarseness of the droplets. It is concluded that the diameter of the cathode spot 
(the surface of contact with the drop) is not the only factor determining the 
dimensions of the drop, but that the diameter of the plasma also plays a role. 


By L. F. Defize 
and 


P. C. van der Willigen 


UCCESSFUL arc welding with a consumable bare wire 
in a shielding-gas atmosphere depends to a con- 
siderable extent on the way in which the molten 
metal from the wire is transferred to the work. The 
formation of large irregularly shaped drops generally 
results in an irregularly shaped bead and this is also 


frequently coupled with an unacceptable quantity of 


Spatter. 

Although spatter losses in automatic gas-welding 
processes are generally lower than those with covered 
electrodes for manual welding, this phenomenon is 


much more troublesome here, for in the space between 
the gas nozzle and the current-conducting tube any 
sticking of droplets impedes the passage of the gas, 
with harmful results on the proper working of the 
process. 

The formation and separation of molten electrode 
material is determined by many factors. The current 
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Forces on droplets: (a) Upward force when area of contact 
between arc and droplet is smaller than area of neck ; (b) re- 
verse condition 


density in the wire and in the plasma of the arc in the 
immediate neighbourhood of the electrode appears to 
be all-important. The rheologic behaviour of the 
molten metal, the effect thereon of various added 
elements and also the physical properties, such as 
melting point and boiling point of the metal or the 
oxide, appear to exert a much less important influence 
on the drop size than was originally believed. 


Drop Formation on a Vertically Positioned Electrode 


If a drop is formed at the lower end of a vertical 
electrode, the geometrical shape during the growth 
process will be determined by the specific weight of the 
liquid (p), the surface tension (y) and the diameter of 
the electrode. An exact mathematical treatment of this 
problem is very difficult; an easier method is to make 


—s —T— — " 
¥=1200 dynes/cm 
P=7-6 g/cu.cm 
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where both diameters are equal. A further increase of 
the electrode size has no effect on the drop diameter. 

Let us now consider the effect of the current passing 
through the electrode and into the drop of liquid sus- 
pended from it, which current then passes through 
the arc to the work. If the total current is assumed to 
be divided into a number of mutually parallel current 
paihs, then the magnetic field surrounding a particular 
current path will attract the surrounding current paths 
with a force proportional to the square of the strength 
of the current in the path. This radial force K (‘pinch 
effect’) causes contraction of the liquid, so that an 
axial component of K is produced at the same time.” 
For if anywhere within the drop of liquid a contraction 
occurs (formation of a bottle-neck) then a force oppos- 
ing the drop transfer will be exerted when the current 
enters, and a contributory force when it leaves the con- 
traction. The net force produced by the welding cur- 
rent on the drop will therefore be determined at all 
times by the ratio of the smallest diameter of the drop 
to the cross-section of that part where the arc is in 
contact with the drop. If the smallest drop diameter 
is larger than the arc diameter at the surface of the 
drop then an additional pressure will be exerted 
opposing transfer; if the situation is reversed, transfer 
will be facilitated (see Fig. 1). From this it appears 
that a large ‘active surface’ of the electrode is favour- 
able for a rapid transfer. The total force exerted by the 
arc on the electrode is not only derived from the above 
electrodynamic forces produced by the magnetic field 
of the arc, but there is also the effect of the plasma 


—— 
_ 
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2— Effect of transfer number 


on drop-size current 
relationship, for 1-6 mm 
steel electrode (Greene*) 
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use of tables, compiled from accurate measurements 
of suspended drops of liquid, to determine the curva- 
ture of the surface during the period of growth.! 

It appears that for a thin electrode the maximum 
diameter of the drop is very much larger than the dia- 
meter of the electrode (up to a factor of = 10); with 
an increasing electrode diameter the drop diameter in- 
creases less rapidly so that a point will be reached 


800 


stream.* This was first found by Maecker.* With a 
small cathode spot, such as occurs with metal arcs, and 
a heavy current there is a heavy current density at the 
cathode spot. This gives an increase in the pressure 


* For the sake of completeness, mention should also be made 
of the cathode spot pressure, which produces the so-called arc 
pressure; see also ref. 11 
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and a streaming away of the plasma in the axial direc- 
tion. The kinetic energy and the impulse in the direc- 
tion of the anode of the plasma stream also exert an 
additional force on the anode. The total arc pressure 
is the cause of the penetration, occurring at both the 
positive and the negative poles. Because of this pres- 
sure the arc will always play on the ‘bottom’ of the 
pool, because the molten plate material will always 
be pushed aside immediately towards the side of the 
bead. 

Greene* has given an approximate mathematical 
description of the mechanism of drop transfer. He has 
introduced for this a dimensionless quantity N (‘trans- 
fer number’), which governs the size of the drop as a 
function of the welding current. It is assumed that the 
current density at the surface of contact between the 
arc and the drop is homogeneous and remains con- 
stant during variations of the current. 

This transfer number is given by 
R°7? 
Aty * 
where R is the radius of the electrode in cm 
/ is the current in electromagnetic units (1 electromag- 
netic unit= 10 amp) 
A is the area of the arc on the drop (‘active surface’) in 
sq.cm 
y is the surface tension of the liquid drop in dynes cm. 


N 


The ‘transfer number’ remains constant during 
variations of the current if it is assumed that the sur- 
face tension will vary only slightly with fluctuations in 
the temperature produced by variations in the current 
strength, and if A increases proportional to /. 

Greene has calculated that at a certain value of the 
current a sudden change in the diameter of the drop 
occurs ; he has called this value the ‘transition current’. 
The greater the transfer number, the greater is the 
transition current. In this calculation it is assumed 
that both below and above the transition current value 
the current intensity at the area in contact with the arc 
remains constant. In downhand welding one would 
expect a smaller droplet above the transition current; 
in overhead welding a bigger drop. The first-mentioned 
phenomenon has been confirmed experimentally by 
Greene. 


If, using N as a parameter, the calculated values of 


a/R (ratio of the radii of drop and electrode) are 
plotted against the current, Greene obtains curves as 
shown in Fig. 2. 

From this it appears that for small values of N 
(0-01-0-1) the drop diameter becomes gradually 
smaller as the current increases: for N—1 this transi- 
tion is much more abrupt. For values of N>1 the 
transition current is found only at very high values; 


Table I 


rransition current for aluminium and steel electrodes 
in argon 





Electrode diameter, 
mm 


Transition current, amp 
Steel {/uminium 


0 100 80 
l 150 110 
l 200 135 
2 325 185 
3 400 


235 





DROPLET TRANSFER DURING 


ARC WELDING 299 
at first the force opposing the transfer increases, 
resulting in bigger droplets. Only at very high currents 
does spray-transfer occur. 

Other recent publications have shown that, when 
welding in argon, the transition current is directly 
proportional to the electrode diameter. This applies 
both to steel and aluminium electrodes® (see Table 1). 


Results of investigations with Slow-Motion Films 
Drop size 

By means of the technique previously described," 
many pictures were taken of the drop transfer in CO,, 
with the electrode connected to the positive pole, using 
a selenium rectifier with a drooping characteristic and 
a self-adjusting arc, the wire diameters varying between 
1-2 and 2:5 mm. No transition current was ever found, 
not even when the current was increased to 900 amp, 
using a 2 mm wire. The drops always remain coarse. 

It is also noticeable that with the different wire 
diameters the mean drop diameter is fairly constant, 
namely 34 to 4mm. 

In Table II the results are given of measurements 
carried out on slow-motion films (taken at rates up to 
3000 frames per second), where welding was done with 
three wires of different diameters but with the same 
chemical composition; the current density in the wire 
was kept constant. 


Table Ul 


Mean drop diameter, obtained with CO, welding 
(electrode positive) 





Electrode 
dia., 
mm 


Current 
Density, 
amp sq.cm 
10,000 
10,000 
5 10,000 


Current 
amp 


Mean Drop Relative 
dia., Drop dia., 
mm aR 


“2 110 3-6 3 
315 4-0 2 
490 3-7 l 





When using CO instead of CO, the same coarse 
drops were obtained; when using argon, a coarse 
drop was obtained at low currents, a fine drop at 
high currents. Adding 3-5°,, oxygen to the argon re- 
duces the transition current. From pictures taken with 
helium it was found that in this gas the drop transfer 
showed similarity with that in CO,; with high currents 
there is some similarity with that in argon. 

During tests with mixtures of CO, and argon it 
appeared that only with large percentages (approx. 
85°.) of argon the drop transfer became similar to that 
in argon. 


Oblique melting of electrode in CO, 

The authors have already described the oblique 
melting of the electrode in CO, welding’; the photos 
of Fig. 3 are from a film taken with 2 mm wire at 
400 amp, an arc voltage of 38 V, and an abnormally 
long arc. The CO, supply at the nozzle was 15 litre 
min, and the travel speed was 1-50 m/min. The oblique 
melting of the wire, on which the drops grow at the 
oblique surface below the wire, must be attributed to 
the radiation from the liquid pool and also to the 
difference in reflected radiation from the arc, because 
the wall at the side of the bead has a larger surface 
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3— Frames of slow-motion picture (delayed more than hundred-fold) 
of droplet transfer in CO, arc welding on flat steel plate. Very long 


are 
voltage 


with electrode 
travel speed 1-5 m min, CO 


400 amp, 38 4 


/ 5 


2 mm dia 


wire, 
/ 
supply 


ar< 


The 


positive 
litre min 


wire melts away obliquely at side facing the bead. Figures (d) to 


(zg) show rotation of droplet 


heing blown a 


than the opposite wall, resulting in this asym- 
Such oblique melting happens not only with a 
but 


ifea 


metry 


very long arc also with a short arc as used in 


practice, and in which the tip of the wire is hardly (up 
to 2mm) above the surface of the plate. Figure 4 shows 
ne pictures from a colour film, photographed from 


> 


in angle. The weld was carried out with 2 mm wire at 
460 amp V at a travel speed of 1-10 m/min 
It also appeared that the lower the travel speed, the 
isyvmimk the effect of the reflected radia- 
tl ind the less was the oblique 
At with stationary 
the orientated 
venerally falling axially through the arc 
higher travel 
tive consequence that almost all 
the liquid bead and that the 


ind 3? 


“tric as 
U electrode 
zero travel speed, Loe 
is no longet 


drop formation 


1 drop formation at 


le 
SIUC 


vrongly orientated drops are 
efficiency n 


by the m 


weld was made 


deposition is 1 fact 


is is Shown 
Here the 


irc voltage being 32 \ 


cK easur©re- 


< 


j 
IS ieSS 


orientational force 
in a lower deposition efficiency 


1c at welding speeds of 


reases 
previously-mentioned 


at travel 1 


esult of the 


irop transter zero speer 


he growth of the drop joined 


s the side of the welding 


The ‘balloons thre 


from the arc, 


round 
sible 


dre »plets, 


a) are Clearly vi 


bead. As the quantity of liquid metal increases, the 
sidewards bulging becomes greater. Sometimes the 
film shows that the material, under the influence of the 
are pressure, is even forced upwards along the side of 
the wire. When, however, the travel speed is low or 
zero, the films show that the drop is pressed flatly 
against the end of the wire. At all travel speeds the arc 
has its contact area (‘anode spot’) at the lower half of 
the drop, and it appears that the diameter of the anode 
spot always remains sma/l/er than the diameter of the 
drop. This was concluded from a large number of 
pictures from the slow-motion films on which the 
shape of the plasma could be clearly seen. It should be 
pointed out here that, strictly speaking, the diameter 
of the anode spot could in fact differ from the diameter 
of the neighbouring plasma. From a detailed investiga- 
tion of Busz-Peuckert and Finkelnburg.* carried out 
with metal arcs in argon and nitrogen, it appeared that 
for small currents (up to 35 amp) there was indeed a 
considerable anodic contraction the at large 
currents (above 75 amp) the effect of the plasma stream 
originating at the cathode is such that the ion density 
in front of the anode increases, so that the negative 
becomes smaller 


of are, 


space charge in the anode region 
[his again results in a reduction of the anode drop, 
and the anodic contraction of the arc disappears. In 
the arcs that have been examined, using currents of 
about 200 amp and more, there has never been a con- 
traction at the side of the anode, so that it may be 
assumed that the anode spot diameter is equal to that 


of the neighbouring plasma 
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from a colour film, photographed 
from an angle, using a short arc (as in practice). Wire dia 
voltage 32 V, travel speed 1-1 
same oblique melting of 


4--Two adjacent sequences 


? mm, current 460 amp, ar 
nmin, CO supply 15 litre min. The 


the wire is observed 


As already mentioned in the introduction, the con- 
traction of the current paths at the site of a small anode 
spot will produce a force opposing the separation of 
the drop. This force, directed vertically upwards, will 
therefore tend to make the drops flatter. Because 
of progressive melting, the weight of the drop will 
finally prevail, so that separation occurs. Such separa- 
tion is always preceded by local contraction. Because 
of the large increase of the current density in the neck, 
the material there will be overheated and therefore the 
separation 1s coupled with a small explosion (produced 
by the formation of iron vapour and other gases).* 


Effect of explosion and of gravity in CO 

A study of the mechanism of drop transfer for a 
very long are (Fig. 3), indicates that, because of the 
explosion of the neck, a tangential force is exerted 
upon the drop hanging obliquely at the wire tip, so 
that the drop begins to rotate about its centre of 
gravity. As the force of the explosion is often direct- 
ed obliquely upwards, the drop after separation 
(at which instant the arc pressure is gone) will, under 
the influence of gravity, follow a ballistic path and will 
fall behind the arc in the liquid weld pool. In the case 
of normal are length (Fig. 4) the available room is 
much smaller, the droplet coming much more quickly 
in contact with the liquid pool 


Balloons’ around the drops in CO 
Remarkable on the photographs of Fig. 3 are the 
balloon shaped envelopes which are visible around 


DROPLET 


TRANSFER DURING ARC WELDING 
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50 100 
TRAVEL SPEED, cm/min 


5 > 


Effect of travel Spee don deposition ¢ ficiency. Wire dia 


current 475 amp, are voltage 324 


many drops after separation, and which take up a 
large volume particularly on the side facing away from 
the arc. Even when the drop has not yet separated it is 
possible to see a balloon on the shadow side (see I ig. 6, 
taken from a colour film of 1-2 mm wire, welded at 
175 amp). It is believed that the following is the most 
probable explanation of the phenomenon 

At the surface of the drop during its formation, the 
reactions of CO, take place with the elements present 
in the wire, i.e., Si, Mn and Fe’; during these reac- 
tions, CO is produced and also a quantity of SiO,, 
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MnO, and FeO. This quantity, however, is small and 
amounts to only 2-3°,, of the weight of the drop; the 
rest is iron. The surface of the drop, which is heated 
very strongly by the arc, will mainly give off iron 
vapour. This readily reacts with CO, and the vapour 
will consist mainly of ferrous oxide, particularly in the 
less hot regions (ferrous oxide dissociates at very high 
temperatures into iron and oxygen). The brown pow- 
der next to the bead found after welding appears on 
analysis to have a very high Fe content and only small 
amounts of Mn and Si 

[he vapour produced around the drop becomes 
easily visible only when it starts to condense in the less 
hot shadow side of the drop (Fig. 6), or when the drop 
has separated, whereupon the temperature drops (Fig. 
3). As a result of the gas stream from the cathode 
(workpiece) to the anode (wire), the vapour will be 
blown away from the anode; this effect can be seen in 
Fig. 6. The condensed vapour may be considered as an 


aerosol in a CO/CO, atmosphere; the Tyndall-light of 


this aerosol causes this vapour to be readily visible 
with various illuminations 


6 {djacent sequences from a 
colour film, photographed 
from an angle. Wire dia 
1-2 mm, current 175 amp, 
arc voltage 30 V.* Balloons’ 
can be seen in the shadow 
of the droplets. (In repro- 
duction and in the transfer 
from colour to black and 
white the illustration has 
lost much of the detail 
shown in the original film) 


1000,000 


10,000 


»f ork function and surface 


femperature on thermionic electron 


emission 
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It should also be noted that only a smali proportion 
of SiO,, MnO, and FeO is evaporated, a thin layer of 
slag, consisting of manganese and iron silicates, always 
being found on the bead after welding. It is a remark- 
able fact that the aerosol is so sharply outlined, so that 
the term ‘balloons’ can be used. But it is not justifiable 
to conclude that the density of the aerosol at the site 
of the sharp outline falls correspondingly quickly, 
because this outline may be the result of optical 
effects 


Droplet transfer in argon at the positive pole 

An explanation for the ‘non-asymmetric’ melting of 
the wire in an argon atmosphere, both above and 
below the transition current, must be derived from the 
fact that the anode spot in argon is larger than in 
CO,, the anode contact surface covering a larger area 
of the growing droplet. (This is referred to later.) It 
can be seen from the pictures of the argon films that 
below the transition current the coarse drops are still 
surrounded on their sides by arc plasma. In the spray 
transfer region above the transition current even part 
of the wire is surrounded by plasma, so that it melts 
off in a pointed shape. It is feasible that the transfer of 
energy in the anode layer of the arc predominates in 
the case of argon with respect to the energy transfer 
derived from (partly reflected) radiation from the weld 
pool, so that symmetrical melting is the result. In 
other words, in comparison with the effect of the all- 
sided cover with plasma of the droplet the one-sided 
effect of the radiation becomes negligible 


Melting at the negative pole 

It is common knowledge that the cathode spot of an 
iron are always has very small dimensions (the dia- 
meter lies between 0-01 and 0-1 mm). This will cause 
a high current density to be present at the emitting 
surface, where the electrons must be partly obtained 
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8— Two adjacent sequences from films showing coarse droplet when electrode is negative: (a) With argon 480 amp, 


> 


by thermal emission and to a larger extent by the for- 
mation of a strong electric field immediately in front 
of the cathode 

The electronic current density at the cathode surface 
(j~) is given by the Richardson-Schottky formula 


3-78 
kT 

where / is the electronic current density in amp sq.cm 

1 is a constant (= 60 A'cm®. K?) 

> is the minimum work function of the electrons, eV 

E is the electric field strength in front of the cathode sur- 

face, volt cm 
k is the Boltzmann constant (= 1-38 « 10°'* erg’ K.) 
T is the absolute temperature of the cathode surface, “K 


10 *\/F 
1.T.%e. exp + 


The two terms in the exponent represent the thermal 
emission (¢) and the field emission (the 4/£ term). 

In the case of iron the thermal electron emission is 
small: at the boiling point (3000 “K) and ¢=4-5 eV 
one obtains: jy, —15 amp/sq.cm (see Fig. 7) 

During welding in carbon dioxide and in argon, 
current densities of the order of 10* amp/sq.cm are 
used 

From equation (1) it is seen that an important rise 
of the emission current starts when both terms in the 
exponent are of the same order of magnitude, i.e., 
when E equals about 10° V/cm. This means that with 
a cathode potential of about 10 V the width of the 
cathode drop region is about 10-° cm, or approxi- 
mately of the order of a mean free path of an electron. 
In connection with this field emission theory one 
might expect a cathode spot with a very small dia- 
meter (it should be mentioned that there are also other 


32 V arc voltage, 0-60 m min travel speed; (b) with CO., 440 amp, 32 V arc voltage, 1-5 m/min travel speed 


theoretical possibilities for explaining the emission 
and the large current density’). 

The opposing force on the drop when welding at the 
negative pole will thus be very great, so that separation 
is made difficult. It is well known that both in argon 
and in carbon dioxide very coarse drops are produced 
when connecting the electrode to the negative pole 
(see Fig. 8). 

Nothing can be seen on the slow-motion films of a 
particularly small cathode spot; the arc appears to 
have contact with the drop over a large surface. In- 
directly, however, it is possible to see that a rapidly 
moving cathode spot is involved. The hanging drop is 
highly mobile and continuously undergoes local altera- 
tions in shape, and from time to time brilliant flashes 
occur (so-called ‘cathode sputtering’). The seemingly 
‘broad’ cathode spot is due to an exposure time that 1s 
still too long (about 10~* sec), and probably also to 
afterglow of the plasma at the site occupied just pre- 
viously by the cathode spot. 

By means of certain additions it is possible to en- 
large the cathode spot considerably and therefore also 
to obtain a finer droplet.'° This can be done for in- 
stance by covering the surface of the wire with sub- 
stances having a low emission potential (compounds 
of alkali and alkaline earth metals). When welding in 
argon, a spray transfer is then found at the negative 
pole; the cathode spot is very much enlarged and 
spreads over a part of the cylindrical surface of the 
wire. 

Activation tests with special wire welded in CO, 
have also been carried out. The effect does not appear 
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to be as marked as in the case of argon. The shape of 
the drop after activation of the rod is similar to that 
found at the positive pole with non-activated wire. 

An increase of the cathode surface alone is therefore 
apparently not sufficient for obtaining spray transfer. 
The opposing forces in the arc plasma, which are a 
function of the current density there, are very much 
greater in the contracting carbon dioxide plasma than 
in the more diffuse argon plasma.* The plasma radius 
is determined by thermal conduction (see later). 

The addition of activators to the wire causes a con- 
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The thermal conduction X of the plasma can be 
determined by means of Saha’s formula, which gives 
the relation between the degree of ionisation and the 
temperature, and by a calculation of the thermal speed 
and the effective diameter of the ions (Fig. 9). The two 
peaks in X for H, and N, at respectively 4000°K. and 
7000°K. correspond to the maximum increase of the 
dissociation as a function of the temperature (see 
Fig. 10). 

According to King,"* plasma contraction takes place 
in nitrogen and hydrogen arcs when the temperature 
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siderable reduction in the melting rate at the negative 
pole. This is because a considerable proportion of the 
electrons of the cathode is supplied by thermal emis- 
sion, so that a strong electric field is no longer neces- 
sary; as a result the cathode potential is decreased or, 
in other words, the activator reduces the ion bombard- 
ment of the cathode and therefore also the total 
quantity of energy supplied, so that the melting rate 
decreases 

At the positive pole it is not possible by means of 
activators to obtain an increase in the contact surface 
of the arc. This surface is determined by the geometri- 
cal form of the plasma, which in turn again depends on 
the heat transport (thermal conduction®:!'). When the 
thermal conduction of the plasma is great, the dia- 
meter of the are will be small 

This can be readily seen if the outside of the arc is 
cooled by means of a cold gas stream. This will cause 
the radial temperature gradient to increase, the tem- 
perature at the centre rises and the current density 
increases from the outside towards the core. More- 
over, the increased magnetic attraction of the current 
lines produces a radial contraction of the plasma 


* It should be noted that both CO, and argon plasmas are 
subject to some contraction owing to magnetic attraction of 
current paths (see Introduction), but this effect is not the same 
as the thermal effect discussed hereunder 
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at the centre exceeds the maximum of X. In argon and 
helium this contraction is absent because dissociation 
is absent.For CO,, a complex triatomic gas, no data 
are known, but it is probable that plasma contraction 
takes place in CO, at even lower temperatures than 
in hydrogen. King has also calculated a second and a 
third maximum in the X-7 curve for nitrogen; these 
peak values are reached at temperatures at which the 
increase of the ionisation into univalent and bivalent 
N ions is at its maximum. In a nitrogen arc the first 
Y¥ maximum was found at about 50 amp, the second 
at 600 amp (temperature at the centre 15,000 K.). 

It is seen that a plasma with relatively poor heat 
conduction (argon) has but little tendency to contract 
and therefore has a larger anodic contact surface with 
the electrode than a plasma in which discontinuities in 
the heat conduction occur, which lead to smaller anode 
contact surfaces and consequently to coarser drops. 
Observations of nitrogen, air, and hydrogen arcs have 
also shown a very coarse drop, which separated only 
with difficulty from the electrode. 
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Sprayed Metal Coatings for Abrasion, 


Corrosion, and Oxidation Resistance 


4 description is given of the development of the nickel-chromium—boride 

silicate hard-facing alloys and the production of powders from them which can 
be sprayed and then reheated to bond them to the underlying metal. Mention is 
made of the properties required in the powder to provide satisfactory results, 


By G. R. Bell, B.sc.., 
A.R.S.M., A.R.L.C., A.1.M. 


and a brief general description is given of the technique employed. The heating 
and cooling cycle used may have to be varied with the differences in composition 
of the underlying steel. Results of corrosion tests are tabulated and consideration 


is given to the importance of these alloys in corrosive environments. Much 
work is still being undertaken to improve these alloys and to adapt them to 
specialized applications, and the paper concludes with a description of three 


such developments. 


ETALLIZED coatings are now widely used in 
M industry and are thus familiar to many en- 

gineers. The metal, in finely divided form, is 
deposited on the surface, using a specially designed 
oxy-acetylene torch or pistol, which heats, and where 
necessary disintegrates, the metal fed to it as a powder 
or wire. Such deposits are widely used for protection 
against corrosion when the inherent porosity may not 
be a disadvantage, and for building up worn engineer- 
ing components where the deposit is not subjected to 


shear or impact stresses. In such applications the 
porosity of the deposited metal may be of advantage, 
particularly when it can be used as an oil reservoir for 
lubricating moving parts. 

Although martensitic type stainless steel or high- 
carbon steel will give a fairly hard surface, such alloys 
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cannot be regarded as true hard-facing materials, for 
the bond between. overlay and base metal is only 
mechanical. Any form of high-stress abrasion may tear 
off such an overlay. Molybdenum is an exception, 
for in the sprayed condition it provides a partially 
molecular bond with the underlying metal. 


Development of Hard-facing Alloys 


For many years engineers have desired hard-facing 
methods and materials capable of giving dense, non- 
porous surface coatings in which metallurgical bond- 
ing to the base metal replaced mechanical adherence, 
yet providing the ease and versatility of application 
offered by the spraying technique. Early experiments 
disclosed numerous difficulties, the most serious being 
oxidation of the base metal through pores in the hot 
deposit, with subsequent failure of the deposit to wet 
the underlying surface metal when fusion of the former 
was attempted. In these conditions the molten metal 


forms globules on the heated surface in the absence of 


a flux. The use of neutral and reducing atmospheres 
was explored but failed to give the required results. 
It is impossible to feed a flux through the spraying 
flame, for the temperature of the flame decomposes 
the flux and destroys its active principle before it can 
reach the workpiece 

With the development of the nickel-chromium 
boron-silicon alloys and the discovery that they can 
be sprayed on a base metal to provide a deposit which 
may be fused and welded to the underlying metal, a 
whole new range of hard-facing potential has been 
opened up to the engineering industry. Surfacing 
Ww elding rods and electrodes are covered by an ASTM 
Specification A399-S6T.' This includes the three com- 
positions of Ni-Cr-—B-Si alloys most frequently used 
for application by the Sprayweld process.* 


* This is a registered Trade Mark of the Wall Colmonoy Cor- 
poration 
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It is not intended in this paper to discuss hard-facing 
materials available in rod form but it is pertinent to 
observe that there are several advantages in using a 
Sprayweld deposit, among which is the ability to pro- 
duce a much smoother and more even coating than 
can be obtained by ordinary welding deposition 
methods. This in turn can result in the need for much 
less grinding to provide the finished components. 
Another advantage is that there is less pick-up from 
the base metal with less change in composition of the 
hard-facing layer. Such changes can reduce the hard- 
ness and corrosion resistance of the deposit. Again, a 
lower temperature is employed, giving far greater 
control over the ultimate metallographic structure of 
the deposit. 

There are, of course, numerous hard-facing alloys 
in popular use which cannot be applied by the Spray- 
weld process but have to be deposited from welding 
rods or electrodes. 

The ability to spray the Ni-Cr—B-Si powders and 
subsequently weld them to the base metal depends on 


ASTM Ni-Cr-C type alloy (Colmonoy 
No. 6). Five phases are visible with hard- 
nesses ranging from about 450 to 4500 
D.P.N 


controlled amounts of boron and silicon being in- 
corporated in the powder to provide self-fluxing addi- 
tions. These metals will break up and absorb surface 
oxide films on the base metals. At the same time they 
prevent oxidation of the powder being sprayed, as they 
oxidize preferentially to the chromium in the latter. 
Complex oxides of B and Si are formed in the pores 
and help to retard oxidation of the sprayed powder 
and underlying metal. Both the B and Si, together 
with controlled additions of C, contribute greatly to 
the hardness of the deposited layer, and very careful 
control of composition is required during manufacture 
to ensure that the correct balance is achieved between 
hardness when the deposit is solid and surface tension 
when the metal is molten. A wide range between the 
solidus and liquidus temperatures enables fusion to 
take place while sufficient solid phase is retained to 
provide body in the plastic mass, so preventing sagging 
or running of the deposit during this stage. Again, 
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development of the optimum structure during fusion 
is dependent upon careful control of composition and 
manufacturing methods in producing the powder. The 
particle shape, size distribution, and other bulk 
properties are also very important. A well-balanced 
alloy will fuse to a layer having a smooth bright sur- 
face, negligible porosity, and a minimum of finely 
dispersed boro-silicate particles. Figure | illustrates 
such a deposit and shows well the bonding to the 
underlying steel. Frequently the deposit is used with- 
out further treatment such as machining. The develop- 
ment of the mirror-like surface when the deposit is 
heated to the correct temperature is a valuable guide 
in assessing the progress of fusion. It is, however, 
essential that a sound working technique be developed, 
based on an understanding of the essential needs of the 
process, for it is possible to heat the deposit so rapidly, 
or make it so thick, that the mirror finish appears 
before sufficient heat has penetrated to the bottom of 
the deposit to provide the required bond. To repeat, 
the spray technique for hard-facing is not synonymous 
with metallizing, for hard-facing entails the develop- 
ment of a molecular bond between base metal and 
protective overlay. A true welding action is involved 
and this is achieved only by thoroughly fusing the 
sprayed deposit. 

The hard-facing materials currently available for 
spraying on and fusing to a surface are not malleable 
and cannot be drawn into wire; they are available only 
in powder form. However, wire can be made with the 
aid of plastics for feeding through spraying equipment 
designed for use with wire. A plastic must be chosen 
which vaporizes completely in the flame without 
affecting the hard-facing powder in any way. It has to 
combine flexibility with strength and again requires 
careful control of materials and process for successful 
manufacture 


Principles of Spraywelding 


Numerous articles have been published describing 
hard-facing by spraying with fusing and welding of 
the deposit to the base metal.***> However, a 
résumé of the basic steps may be of interest. 

The work must be free from all surface treatments 
such as plating or nitriding and must be free from 
grease. The importance of proper surface preparation 
cannot be over-emphasized. It is often the most 
critical part of the work although frequently it is given 
the least attention. When cleaning the surface it is 
important that oil and grease be removed not merely 
from the part to be coated but also from adjacent 
areas, for grease can run from these when the part is 
heated. If the surface hardness exceeds 30 Rockwell C 
the part should be annealed before spraying. In most 
cases it is necessary to undercut the surface to provide 


for the desired thickness of overlay. The depth of 


undercut will be determined by the amount of wear 
permitted in service but should not exceed 0-060 in. 
per side if the component is to be hard-faced in one 
spraying and fusing operation. On round, flat, or 
curved sections, where the area to be sprayed extends 
to the end of the piece, a minimum radius of 4 in. 
should be machined on the edge. On parts where the 
area to be treated does not extend to the edge, a 
gradual taper of not more than 30° should be machined 


brief 


{pplication of Ni-Cr-B-Si alloy (Colmonoy No 
upper ball seat barrel of an oil-well safety valve 
Otis Engineering Corporation) 


6) to the 
(Courtesy 


at the edge of the deposition area. These precautions 
are necessary to prevent lifting of the overlay during 
the fusing operation. After the surface has been under- 
cut it should be grit-blasted to provide a sound 
mechanical bond between the sprayed and base metals 
so that these are firmly in contact up to the fusing 
operation. 

The metal is sprayed through a specially designed 
gun in which the particles are conveyed through an 
oxy-acetylene flame, whereby they are heated to the 
plastic range and then blown on to the prepared sur- 
face. For maximum spraying efficiency and cleanliness 
of deposit it is important that the gun should be 
designed for the powder used, so that inadequate or 
excessive heating of the powder is avoided. Whenever 
possible the gun should be held in a mechanical device 
and moved at a constant rate, so that the resultant 
overlay is uniform in thickness. Figure 2 shows hard- 
facing powder being sprayed on an oil-well safety- 
valve component. The mechanical mule used for 
traversing the pistol along the workpiece is fitted on 


Ball seat barrel of oil-well safety valve after fusing of hard- 
facing deposits. The ball seat itself is protected against wear b) 
an argonarc deposit of a Ni-base hard-facing alloy similar in 
composition to that shown being sprayed in Fig. 2. (Courtesy 
Otis Engineering Corporation) 
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the right-hand side. As the deposited layer is porous, 
allowance must be made for the shrinkage which 
occurs on fusion, when full density is attained. The 
excess thickness allowed for machining will vary some- 


what with the nature of the work and the type of 


powder being used; a good, average figure is 0-010 in. 
per side 

The sprayed coating is subsequently fused and 
welded to the base metal by heating it to a temperature 
between the liquidus and solidus temperatures of the 
alloy. The most generally employed fusion method is 
to use an oxy-acetylene torch, which is traversed across 
the work by the operator, the progress of fusion being 
followed by observing the change in surface appear- 
ance to the mirror-like finish already mentioned. Care 
must be taken that the work is pre-heated sufficiently 
to ensure that the overlay reaches welding temperature 
at the interface with the base metal, and this may 
necessitate the use of preheating torches or even a pre- 
heating furnace 

Figure 3 shows two hard-faced areas on a safety 
valve component after fusing. The thickness as fused 
is 0-050 in., and this is ground to a finish overlay thick- 
ness of 0-040 in. Where quantity production is involved 
and equipment is available, furnace fusion will give 
excellent results. The operation requires careful con- 
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trol to provide adequate heat in the body of the com- 
ponent before fusion temperature is reached on the 
surface of the overlay. 


Materials for Hard-facing by Spraywelding 


Many metals can be hard-faced with the Sprayweld 
process without special precaution. Examples are in- 
cluded in Table | 

Austenitic stainless steels have high expansion co- 
efficients and should be heated to about 250°-400°C. 
before being sprayed, to prevent expansion and con- 
traction differences breaking the mechanical bond 
before fusing, and they should be slowly cooled after 
fusion (Table 1). Air-hardening tool steels or marten- 
sitic stainless steels are difficult to hard-face, for the 
expansion accompanying the phase change to marten- 
site will crack the overlay. However, if an isothermal 
cooling cycle is possible after fusing, whereby the 
austenite is changed directly to ferrite, the operation 
1S possible. 

The fused deposits may be machined with carbide- 
tipped tools. Fine feeds and slow speeds are required, 
with the tool set below centre to provide a small, 
negative rake. Generally the final finishing is carried 


Table |! 


Materials suitable for hard-facing by the Sprayweld Process 


(a) Materials which can be applied using the 
Sprayweld Process without special precautions 


(b) Materials which require preheating to 250 -375 C. 
prior to fusing Colmonoy deposit, followed by slow 
cooling 





A.1.S.1. steels of the following types with carbon content not exceed- 


ing 0-25 


>» Some British equivalents shown also 
ALS 


1000 series ¢ steels En 1A, 1B, 32 
1300 , C-Mn * En 7, 
4000 . Mn-Mo . En 16D 
4100 ds En 20A 
5000 : , 
5100 3 En 206, 207 
6100 . 
8600 En 361. 362. 
8700 a 

300 : En 58 
430 . Ferritic Stainless iron En 
Grey cast iron 
Malleable iron 
Mechanite iron 
Ingot and wrought iron 
Copper 


7A, 14A, 32B, 201 


ALS. but below 0-4°, carbon 
content 


A.LS.1 


steels above 0:25°, 


1000 series En5 

1300, En 7, 8, 14B, 15 
4000 En 16, 17 

4100 : En 19, 20B 
5000, 

5100 “a En I 

6100s, En 50 

8600 

8700 





(c) Materials which require an isothermal anneal 
after fusing 


(d) Materials unsuitable for hard-facing using 
the Spraywelder 





A.1.S.1. martensitic stainless steels of the following types 


A..S.1 403 series 
405 

410 

416 

420 
440A 
440B 
440 
A.1.S.1. 4340 Ni-Cr-Mo steels 
4142 Cr-Mo steels 


Materials having melting points below 1050 ¢ 
Al and Mg alloys 

Brasses and normal bronzes 

High hardenability Ni-Cr-Mo alloy steels 


Free-machining carbon, alloy, and stainless steels 
having high sulphur content 

Martensitic high Cr—Ni steels of A.1.S.1. 1414 

and 431 types En 57 








BELI 


out by grinding, using a free-cutting, green-grit wheel. 
Figure 4 shows two compressor rods hard-faced with 
an ASTM type Ni-Cr-C alloy after finish grinding. 

Apart from high abrasion resistance, the sprayed 
and fused coatings have extremely good corrosion 
resistance in many chemical conditions as well as very 
good oxidation resistance. Results of corrosion tests 
reported for a Ni-Cr—B-Si alloy equivalent to the 
ASTM.A399-56T alloy Ni-Cr-C (Colmonoy No. 6) 
are summarized in Table II. 

Since many factors are important when dealing with 
corrosion, particularly temperature, concentration, 


and presence of impurities, these results should be 
used only as a guide and, unless previous experience is 
available relating to the specific conditions of use, 
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hardness and abrasion resistance of the surfacing layer 
frequently confers an advantage over the ordinary 
corrosion resisting alloys. It is therefore important to 
run corrosion tests under conditions which simulate 
those to be encountered in practice rather than to use 
static or artificial laboratory set-ups. 

Figure 5 shows on the left a pump sleeve from an 
extract phenol pump after 7 months in service with a 
bent shaft. It was hard-faced with Ni-Cr—B-Si alloy 
(Colmonoy No. 6). Despite the eccentric loading im- 
posed, the joint had not leaked. The pump sleeve on 
the right was overlaid with a Cr-Co-—W alloy and ts 
shown after just two months’ service with a perfect 
shaft, at which time it would no longer hold the pack- 


ing. 








4— Piston reds hard-faced on 3 in. dia. over a length of approx. 4 ft 6 in. after finish grinding. (Courtesy Harland & Wolff Ltd) 


tests should be run before the hard-facing alloy is used 
in a corrosive environment. As a general principle it 
can be stated that for purely corrosive conditions it is 
better to employ a corrosion-resisting alloy rather 
than to hard-face a corrodible metal. However, if con- 
ditions of service include abrasive or erosive forces, the 


Fable Il 


Resistance to corrosion of Ni-Cr-B-Si sprayed coatings 





xcellent 
xcellent 
xcellent 
xcellent 
xcellent 
xcellent 
Fair 
Fair 


Fresh water 
Corrosive natural water 
Mine water, neutral 
Mine water, acid 
Boiler water 
Steam condensate 
Sea water, stagnant 
Sea water, flowing 
Acids, Inorganic 
H.SO,—10%—< 
H,SO,— 10 Ho 
HCI—5 Cold 
HCl—5 Hot 
HI All conc. ¢ 
HF—Hot 
HNO,.--Cold 
NaOH — Cold 
NaOH Hot 
NaOH—90- 100 Hot Fair 
Salts Neutra Excellent 
Salts Acid Fair 
H Ss Good 
Gen. Refinery Servic Good 
Naphenic Acid Good 
Anhydrous Ammonia Excellent 
Ammonium Hydroxide Excellent 
Chlorinated Solvents Good 
Phenol 
Propane and HI 
Light Hydrocarbons 


Good 
Fair 
Good 
Poor 
Good 
Poor 
Excellent 
Excellent 
Excellent 


Good 
Good 
Good 


Acid 


and HF Acid 





Much research and development has been carried 
out on hard-facing alloys to provide an understanding 
of performance differences in materials made by 
various methods, and to elucidate the fundamental 
metallurgy of these complex materials. From under- 
standing has come the ability to modify and improve 
the alloys to meet specialized service conditions. A 
good example is the production of a hard-facing alloy 
to meet fretting corrosion. This term denotes the 
acceleration of fatigue failure by fretting or corrosion. 





Pump sleeves: (a) Hard-faced with Ni-Cr—B-Si alloy (Col- 
monoy No. 6) after 7 months’ service; (b) overlaid with Cr 
Co-W alloy. (This had to be withdrawn after two months’ use) 
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Ihe corrosion may be due to oxidation at elevated 
temperatures. The need for bearings to withstand the 
rapid reversal of stresses encountered at high tempera- 
tures in modern jet engines was not completely met by 
the standard Ni-Cr—B-Si alloys. However, investiga- 
tions into the matrix of these complex materials pro- 


duced the discovery that appropriate additions of 


tungsten or molybdenum gave a marked improvement 
in high-temperature performance, and such alloys now 
make a valuable addition to the range which is offered 
to engineers. Their use is not, of course, limited to jet 
engines. Figure 6 shows the microstructure of a typical 
alloy 

It was thought that the standard Ni-Cr-B-Si alloys 
could be improved for certain very abrasive applica- 
tions, such as buffing fixtures, on the principle that a 
dispersed hard phase of greater unit area would better 
resist gouging-out of the matrix metal. Laboratory 
experiments led to the development of powders in- 
corporating tungsten carbide, which can be applied 
with a spraying technique and subsequently fused to 
give a multiplicity of hard areas distributed through a 
matrix of a nickel-base alloy containing chromium 
borides. A typical microstructure of such material 
is shown in Fig Although the Rockwell C 
hardness of such a deposit may only be 54-59, the 
hardness of the carbide phase greatly exceeds this, and 
such material is very successful in resisting metal-to- 
metal wear and abrasion. As with the straight Ni—Cr 
B-Si alloys, such material can be hot formed while in 
the plastic state, although below this temperature it 
cannot be forged or heat treated. This latter property 
iS a great advantage in many applications, for the 
room-temperature hardness is unaffected by repeated 
heating and cooling 

Some time ago, in Canada, a firm experienced con- 
tinual trouble with crankshafts in a sports car. These 
failed rapidly under the service conditions 
encountered and many methods of surface treatment 
together with different bearing alloys were tested in 
an endeavour to overcome the trouble. Experiments 


severe 
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6—W-Cr-B-Ni alloy (Colmonoy No 
70). Three phases present with hard- 
nesses ranging from 560 to 2600 


D.P.N 1000 


Hard-facing alloy containing dispersed 
areas of sintered tungsten carbide 
(Colmonoy No. 75) 50 


were made with normal Ni-Cr-B-Si alloys, as these 
exhibit a very low coefficient of friction when run 
against many different metals. The tests showed prom- 
ising results. Such alloys, however, are relatively hard 
and difficult to finish by machining and it was dis- 
covered that the admixture of a softer metal, such as 
18/8 stainless steel powder, provided a coating that 
improved machining and grinding characteristics 
without any significant drop in wear resistance in 
metal-to-metal applications. Careful control of 
particle-size distribution is essential to combine a 
relatively dense deposit with the fine porous structure 
essential for oil retention. The coating is used ‘as 
sprayed’ without subsequent fusion, and is applied to 
the workpiece through an oxy-acetylene pistol, which 
heats the nickel-base alloy powder to approximately 
1000°C., at which temperature it softens and adheres 
strongly to the workpiece. Such deposits are now 
being used to an increasing extent in automative, 
marine, and stationary engines, using both petrol and 
diesel fuels, as well as for reclaiming worn engine and 





BELL: SPRAYED METAL COATINGS 


8— Material developed for crankshaft spraying. A two-component 
structure showing areas of stainless steel and Colmonoy No. 6 
used as-sprayed and having a controlled porosity. Colmonoy 
C-250 180 


compressor crankshafts. Figures 8 and 9 show the 
typical microstructure of Colmonoy C-250 as sprayed. 
A similar material, Colmonoy C-290 has been evolved 
to provide a different thermal expansion coefficient 
which is of value in many applications. 


Conclusions 


An endeavour has been made in this paper to pro- 
vide some picture of the underlying science which has 
produced hard-facing powders that can be applied by 
spraying, and subsequently fused to provide an over- 
lay welded to the base metal. A great deal of work is 
currently being undertaken to widen still further our 
understanding of these alloys and to increase the 
numbers of alloys which can be made available to 


BOOK REVIEW 


WERNER GUNTHER and Fritz ProscHek: “Die Alumino- 
thermische Schweissung™’, 1959, Veb Carl Marhold 
Verland, 184 pp. (20.95 pm) 


Although thermit welding is one of the oldest welding 
processes it has always been an outsider, and technical 
information on it can only be found scattered in the 
various books and journals on welding. 

The present book, which is intended to form the first 
part of a trilogy on this subject, will therefore fill a gap 
which has long been felt by everyone who has to deal with 
the process. 

The first volume deals with the fundamentals of the 
process and its various modifications, such as cast and 
pressure welding. 

The chemical and physical principles of the process as 
well as the composition of the various powders are fully 
discussed. Another chapter deals with the metallurgical 
side of both the weld metal and the parts to be welded. 


Colmonoy C-250 at greater magnification showing the great 
degree of interleaving produced during deposition, and the 
excellent contact achieved between many of the particles 
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engineers for specialized applications. Like all good 
inventions the basic requirements for these alloys are 
simple; however, the translation of simple theory into 
successful practice requires considerable knowledge of 
the physics and metallurgy of these metals, very care- 
ful control of manufacturing conditions, and a reason- 
able amount of care and understanding by the man 
using the materials, and the equipment, that are now 
available for hard-facing. 
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This is followed by a study of the welding characteristics 
of different work pieces, such as rails, large forgings, and 
steel castings, and their testing. Further chapters are 
devoted to the various materials, such as crucibles, form 
sand, and refractory bricks. 

Finally, useful information on preheating, general points 
of casting technique and on the dimensions of the parts to 
be welded are given. 

In a preview the authors give some indication as to the 
contents of Parts II and III. Part II will deal mainly with the 
application of the thermit welding process as applied to 
rails. In Part II the authors propose to discuss the appli- 
cation of the process to the repair of large castings and 
damaged steel structures. 

The whole work should provide a useful introduction to 
the field of thermit welding as well as a mine of information 
for those already familiar with the process—if they are 
willing to take the trouble of reading the book in German. 

H. O. WILLRICH 
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SPRING MEETING 1960 


Sprayed Metal Coatings 


By G. A. Curson, M.ANST.W. 


Schori Model 50 powder pistol 


The author discusses the development of metal spraying and the types of 
equipment at present in commercial use that main!y spray the metal in either 
powder or wire form 
In surface-area spraying for corrosion prevention the sprayed metal coating 
is applied to a clean rough surface. Adhesion to the surface and between the 
sprayed metal particles is by mechanical locking and fusion. In this manner 
thick coatings can be built up, but the normal commercial thicknesses lie 
hetween three and ten mils. Sprayed zinc and aluminium coatings protect iron 
and steel because they are anodic to those metals and it is usual to protect the 
sprayed coating by paint films to obtain the best result. Zinc and aluminium 
each have their applications in different types of corrosive conditions but a 
inc—aluminium alloy has recently been formulated, and tests show that it gives 
protection to iron and steel under all the conditions where either zinc or alu- 
minium is used. The author discusses the various applications for which these 
coatings are used and their methods of application both in the factory and on 
site. Details are given of automatic grit blasting and metal spray plants for the 
coating of mass produced articles 


ETAL spraying equipment is a development of 


this century and much is owed to the pioneer 

work and inventions of Schoop and Schori 
Ihe greatest development has taken place since the 
last war, and the two principle methods in use today 
are the powder and wire processes 


The Powder Process 


The metal powder is fed to the gun (Fig. 1) under 
pressure of air or gas. At the gun nozzle the powder 
oxy-gas flame which heats it suffi- 
ciently to make it molten. The molten metal particles 
are then picked up by a secondary compressed ait 
stream and propelled at high velocity onto the surface 

yed. Provided that the been 


molten particles will adhere 


passes through an 


surface has 
epared the 
nd will build up in layers to form a coating 


} ckn 


} 


The flow of metal powder can be varied to meet any 
required spraying condition and the flame temperature 
can be adjusted to the requirements of the type of 
metal being sprayed. Very high rates of flow can be 
achieved with metals such as aluminium and zinc 


Wire Spraying 


In wire spraying the wire 1s fed into the gun by a 
variable speed mechanism driven by compressed ait 
(Figs. 3 and 4) or by electricity. The wire feed mechan- 
ism may be housed in the pistol itself or remote from 
it (Fig. 5). This latter method allows the use of a very 
efficient heavy-duty feed mechanism with infinitely 
variable speed control, and as it does not have to be 
carried by the operator the weight is unimportant 

In the gun the wire is fed into an oxy-gas flame in 

t melts and 1s atomised by a stream of com 
ur to small droplets. These are c 


spraved wit 
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gas and oxygen F,E-—powder G -—control valve 


+ 


D 


gas mixer H,K — compressed air 


Mechanism of Model 50 pistol 


3— Cut-away view of Metco Type 4 E metallizing gun 


High rates of metal deposition can be obtained with 
modern wire guns where wire diameters up to 7, in. are 
regularly employed. With some wire guns a pistol grip 
for the control of the gas, air, and wire feeds is also 
employed to give the operator fingertip control of the 
spraying operation. 


The Coating 


In both processes the molten metal particles are con- 
veyed at high velocity to the surface to be coated, 
where they flatten by the force of impact to build up in 











6—Large shot 
blast room 


7—Portable shot 
blast equip- 
ment 





layers similar to fish scales. Adhesion to the base metal 
and between the sprayed metal particles is by mechani- 
cal locking and fusion. Under normal commercial 
circumstances the flame on the pistol will be partly 
oxidizing, so that a layer of oxide will form on the 
surface of the metal particles. There is also a slight 
chilling effect by the conveying air stream, so that a 
thin crust of solid metal oxide will form on the drop- 
lets. The force of impact breaks up this structure 
causing interlocking with the roughened base metal 
and between the particles of sprayed metal, and 
through the rupture of the particles there is also some 
contact between molten metal giving rise to a form of 
welding. 

The adhesion of the coating to the base or within the 
coating does not approach that of cast or wrought 
metal but it is sufficient for practical purposes to pro- 
vide thin surface layers on flat areas and much thicker 
layers for building up worn surfaces such as shafts. 


Surface Preparation 


Where sprayed metal coatings are applied to iron 
and steel, to give protection against atmospheric corro- 
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sion, the surface of the metal to be coated must be 
prepared by grit blasting. In a factory it is normal to 
employ angular steel grit in properly constructed stee] 
chambers (Fig. 6) where the grit is automatically re- 
circulated to the shotblast machine and the dust 
exhausted and collected in a cyclone or bag filter. 

When blasting away from the factory and on site 
portable gritblast equipment (Fig. 7) is employed, but 
it is not always necessary or practical to collect the 
dust. For in situ blasting, steel grit can be used econ- 
omically only where it can be reclaimed, such as when 
treating the inside of tanks. Where collection of the 
abrasive is not possible, sand or a silica-free abrasive 
is employed. Vacu-Blast processes.(Fig. 8) are also 
available for use in the factory or on site; the machines 
automatically suck up their own grit and dust, but 
their speed of operation is lower than that of open 
blasting. 


Protective Coatings 


Sprayed zinc and aluminium coatings are widely 
used for the protection of iron and steel and are 
usually applied in thicknesses of between 3 and 5 mils. 
Zinc protects iron and steel because it is anodic to it 
and there is sacrificial action. Where the zinc corrosion 
products can be allowed to form without being dis- 
turbed there is no need for painting, but under condi- 
tions where the soluble products of corrosion are con- 
tinuously removed the sprayed coating should be given 
two or three coats of paint. 

The action of sprayed aluminium when applied to 
steel is similar to zinc, but under certain conditions it 
may be insulated from the steel; in consequence, there 





8—Vacu-Blast machine 
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9—Metal spraying the inside of 
steel tunnels for a hydroelectric 
scheme 


is some corrosion at the base of the coating but this is 
quickly stifled by the products of corrosion and, 
therefore, further action is prevented. As in the case of 
zinc coatings, it is preferable to apply paint to the 
aluminium coating where the corrosion products are 
likely to be disturbed. 





Thus it will be seen that both coatings may be 
regarded as giving cathodic protection to the base 
metal and that any porosity in the coating is quickly 
filled by the corrosion products, which are not simple 
oxides of low bulk but hydroxides, oxychlorides, etc. 

It has been shown in the case of zinc, for example, 
that the protective life of a coating on steel is directly 
proportional to the coating weight, and tests have 
shown that, weight for weight, there is little difference 
in the life of zinc applied by galvanizing, electro- 
plating, or powder or wire spraying. 

The mat surface of the sprayed coatings offers an 
ideal key for paint but care should be taken to select a 
primer paint that is compatible with the sprayed metal 
coatings. To obtain the best results it is also important 
that the paint system should be applied as soon as 
possible after application of the sprayed metal coating. 
In particular, this applies to the primer and undercoat 
of paint which thus ensures that the sprayed coating is 
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completely covered and sealed off from the atmosphere 
so that oxide formation is halted. 

A combination of zinc and aluminium may also be 
sprayed as a protective coating, usually in the form of 
zinc to a thickness of 3 mils followed by a similar 
thickness of sprayed aluminium. Known as duplex 


10—Pelham Bridge—zinc sprayed 


11—Aluminium sprayed steelwork 











coatings these have been used with great success for 
lining steel pipes which carry peaty water from lochs 
for Scottish hydro-electric schemes (Fig. 9). 

Sprayed zinc coatings are widely employed for the 
protection of all types of industrial and domestic 
equipment, structural steelwork, steel bridges (Fig. 10), 
storage tanks, and in fact any condition where large 
amounts of sulphur are not present in the atmosphere. 
Aluminium offers similar protection but has the addi- 
tional advantage that it will stand better in sulphurus 
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atmospheres (Fig. 11) and is more stable under con- 
ditions of heat than is zinc. The aluminium coating will 
in fact prevent heat scale up to temperatures of 550°C. 
(Fig. 12), and for higher temperatures up to 950°C. 
the coating may be aluminized. This consists of a heat- 
treatment process which allows the aluminium coating 
to alloy with the base metal. It therefore follows that 
considerable use of aluminium coatings is made in the 





12—Aluminium sprayed exhaust silencer 


chemical industry for the protection of plant and 
equipment and structural steelwork etc., and for 
articles where elevated temperatures are concerned, 
such as exhaust silencers, chimney stacks, jet engine 
testbed detuners, gas ducting, and the like. 

Extensive trials have shown that the zinc coatings 
are best in marine and other atmospheres containing 
an appreciable amount of chloride, and that alu- 
minium coatings show to some advantage in highly 
acid industrial atmospheres. There are interesting 
examples where the normal situation seems to be 
reversed. It is also true that in certain marine atmos- 
pheres aluminium has given extremely good service, 
although the balance, in general, is slightly in favour 
of zinc. 


Compound coatings 


To determine whether either metal could be im- 
proved by mixing or alloying with the other, the 
author’s company, some years ago, began a series of 
experiments using pure aluminium, pure zinc, and 
mixtures of the two at 10% intervals between them. 
At the same time a series of alloy powders of zinc and 
aluminium at 10% intervals was prepared. Specimens 
of coatings made from these mixtures and of the 
previously alloyed metals were exposed at five differ- 
ent stations; viz., a very industrial atmosphere at 
Stratford-atte-Bow, London, a reasonably salubrious 
atmosphere at Cambridge, a fairly rural atmosphere 
at Greenford in West London, a marine atmosphere 
on the Essex coast, and a very warm humid marine 
atmosphere in North Carolina. Altogether, about 
2,000 specimens were exposed about seven years ago 
and many of these are still in excellent condition. 

The aluminium coated specimens stood up well, 
except occasionally in the warm humid marine atmos- 
phere where some early rusting occurred. The zinc 
coated specimens stood up very well except at Strat- 
ford, where the sulphuric acid in the atmosphere 
removed most of the zinc from the specimens in a 
matter of six years. 

The aluminium-zinec mixtures, about 50% each, 
have been remarkably good in all the exposures used. 
The aluminium-zinc alloys are the best of all, those 
between 40 and 60° aluminium being rather better 
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than either zinc and aluminium when considered for 
use as an overall powder for spraying anywhere with- 
out reference to the atmosphere. 

These results over seven years are sufficiently indica- 
tive to predict that in future the compound aluminium- 
zinc spray could be used as a universal coating. 


Automatic Plant 


Automatic grit blasting and metal spraying plant 
can be designed to treat continuously all manner of 
repetition articles, with low labour cost and the mini- 
mum of material wastage. Straight steel beams, metal 
boxes, tubes, and so on, are typical of the articles being 
treated in this manner. 

These plants have now been brought to a high 
degree of efficiency where they are virtually push- 
button controlled, with automatic ignition and devices 
for conservation of gases and materials when the 











14—Main control panel for an automatic metal spraying plant 
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15—Metal spraying structural steel in situ 


spraying condition is only required for short intervals 
(Figs. 13 and 14). With these automatic plants first- 
quality coatings can be applied to any thickness with 
an accuracy not possible by hand spraying, and it is 
expected that for this and economic reasons there will 
be great developments in their use for the treatment of 
such items as structural steel and pipe in the early 
manufacturing stages before fabrication. This might 
involve subsequent touching-up of welds or rivets, but 
this is no great problem and is usually easier and 
cheaper than treating the complete structure on site 
after erection. 


Site Work 


The application of sprayed coatings of zinc and 
aluminium cannot be left without reference to the 
work done on site. Here no other metal-deposition 
process can compete with metal spraying, which can 
be carried out on the ground, in the air, or inside 
enclosed spaces such as tunnels and tanks. Many such 
objects to be treated cannot be transported, since they 
are too large or are fixed existing installations such as 
bridges or gas holders. Given suitable scaffolding and 
access anything can be gritblasted and metal sprayed. 
Typical examples are shown in Figs. 15 and 16. The 
cost of metal spraying in situ is higher than if the pro- 
cess is carried out in the shop but the resultant saving 


16—Oil storage tanks that have been zinc sprayed in situ 


in maintenance work and steel replacement more than 
justifies the initial expense. 


Building-up Work 


The use of ferrous metals and alloys for the repair 
and reclamation of machinery parts is a well-estab- 
lished and important application. Here, each job must 
be considered individually in regard to the type of 
surface preparation and the metal that is to be 
deposited. The surface to be treated must be free of 
grease and then prepared to a suitable degree of rough- 
ness by grooving, rough threading, or grit blasting. 
Alternatively, there are several bonding methods, such 
as the application of a thin coating of molybdenum to 
the grease-free surface, where any form of roughening 
is not required. The sprayed metal is then applied to the 
required thickness and finally ground or turned to size. 

This subject is so specialized that it cannot be dis- 
missed lightly and does in fact more than justify a 
paper on its own; for this reason the author does not 
propose to go into the subject in greater detail. 
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SPRING MEETING 1960 


Hard-Facing with “Stellite” Powders 


A brief description is given of two interesting new developments in the field 


of hard-facing. 


The Spray Fuse process has been applied to a considerable number of com- 
ponents which are now in service and its contribution to industry is becoming 


increasingly appreciated. 


The Powder Weld technique, being much newer, is naturally at an earlier 
stage of development but it is nevertheless confidently expected that it will 
establish itself over the range of applications as outlined. 


By J. R. Gault, 
B.SC., B.COM. 


It is readily appreciated, however, that much work will still have to be 
carried out on these two new techniques for **Deloro Stellite’ cobalt-base 
materials before their full impact may be accurately assessed. 


established for many years as hardfacing mater- 

ials, finding ready application where abrasion, 
high temperature and corrosion, or a combination of 
these factors, is involved. In the form of welding rods, 
deposited both by the oxy-acetylene and arc welding 
processes, they are a means of solving a wide range of 
wear problems. 

But with labour costs becoming an increasingly high 
proportion of the total costs, considerable pressure 
has been brought to bear towards cheaper methods of 
deposition. This has resulted in various attempts to 
accelerate the actual deposition technique, and one 
outcome of this has been to produce Stellite cobalt 
base alloys in powder form. 

The application of these powders to hard facing has 
taken two distinct lines of advance. 

In the first method the alloy is sprayed according to 
standard metallizing practice, and the resulting over- 
lay is then fused as a separate operation. This has 
been called the ‘Spray Fuse’ process, a term which 
aptly describes these two operations. By this means, 
it is possible to combine the advantages of straight 
metallizing with the fundamental requirements of a 
Stellite hard facing, which is to obtain a sound homo- 
geneous deposit, free from porosity, and metallurgi- 
cally bonded to the base metal. 

By the second method, the spraying and fusing, 
when depositing, are combined in one operation and 
this technique is descriptively termed ‘Powder 
Welding’. 

Both methods are finding ever wider application 
and, as development proceeds, they are establishing 
themselves as a more satisfactory means of dealing 
with many wear problems. As well as proving to be 
complimentary to each other and to the older oxy- 
acetylene and arc methods of deposition, the processes 
can be used to coat many components which, on 
economic grounds, did not previously justify Stellite 
hard-facing. 


T= Co-Cr—-W “Stellite” alloys have been well 
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Dealing in more detail with these methods in turn, 
the Spray Fuse process is first considered. 


Spray Fusing 


In metal spraying, the sprayed metal is held in 
position mechanically, and the bond is satisfactory for 
many industrial purposes. Nevertheless, the metallized 
overlay is both highly stressed and porous to the 
extent of some 20-25 % of its volume. With the Spray 
Fuse process, however, the sprayed overlay, in being 
subsequently fused, ensures a metallurgical bond with 
the base metal and welds the particles together to 
provide a sound homogeneous deposit (Figs. 1c, 1d). 

An alloy must possess certain properties before it 
can be successfully applied by Spray Fusing; the 
operator must also be given a positive visual indica- 
tion of fusing. The cold sprayed particles must 
coalesce on fusing to produce a continuous overlay, 
and the alloy must be sufficiently active to form, by 
diffusion, a metallurgical bond with the base metal. 

The indication of fusion depends upon the ability 
of the alloy to glisten, (or glaze) at (or just above) the 
fusion temperature. This property in turn depends 
upon the surface tension of the alloy and its plastic 
range, which should be relatively wide. The alloy must 
alse be sufficiently self-fluxing to dissolve normal 
oxide-skin formations, so that they do not interfere 
with the recognition of glazing by the operator, and 
also to ‘slag out’ the oxides, which may originate both 
from the base metal and from the metallic particles 
themselves. These may be oxidized when projected 
through the pistol flame during the spraying opera- 
tion. The standard Stellite grades, as they exist in rod 
form, have received the necessary compositional modi- 
fications to satisfy these requirements. 

The oxy-acetylene and metal-arc processes are 
generally to be preferred as methods of Stellite deposi- 
tion where a considerable thickness of deposit is 
required. With oxy-acetylene, a finished thickness of 
0-060 in. is generally recommended; with the metal- 
arc, with its characteristic deep penetration of the 
base metal, resulting in considerable dilution, the 








(a) 








GAULT: HARD-FACING WITH “STELLITE’” POWDERS 
ae | 
. » 
Tein" 
x rhe. 
ait. 
Be 


1—Micrographs of “‘Stellite’ deposits on steel workpieces 
with the steel portion at right: (a) Grade 12 deposited by 
oxy-acetylene methods; (b) Grade 12 deposited by the arc 
method; (c) Grade SF. 12 in the cold-sprayed condition; 
(d) Grade SF. 12 after it has been Spray Fused. x 100 


process shows to best advantage with thick deposits 
greater than 0-125 in. as well as for relatively large 
components not amenable to normal preheating. 

With the Spray Fuse technique, on the other hand, 
apart from the fact that it is faster and in many re- 
spects requires less operational skill, relatively thin 
coatings can be conveniently applied. As already 
stated, the range of components which can be eco- 
nomically hard-faced with Stellite, is therefore con- 
siderably widened. 

The fundamental properties of the sound metal- 
lurgically bonded deposits produced by the Spray 
Fuse process are comparable with those obtained by 
either the oxy-acetylene or arc methods of deposition 
(Figs. la, b, d). Nevertheless, the Spray Fuse deposit 
possesses certain peculiar characteristics which permit 
its application to various components and materials 
that would be difficult or even impossible to coat with 
Stellite by any other method. 

As has been mentioned, Stellite Spray Fuse alloys 
are self fluxing, and any oxide formed on the base 
metal or in the powder particles during spraying are 
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fluxed out in the fusing operation to form slag. Some 
of this slag will be retained in the deposit, but, if the 
coating has been correctly fused, the inclusions formed 
will be small and well distributed (Fig. 2). 





2—Micrograph of a deposit of Spray Fuse SF. 12 alloy on a 
0:4% carbon steel workpiece. The steel portion is uppermost 
x 100 
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Whichever grade of Stellite powder is used, the 
structure of the resultant coating is always very fine 
when compared with either the arc or oxy-acetylene 
deposits (see Figs. 1 a, b, d). This fine structure results 
from the deposit being heated only slightly above its 
fusion temperature, i.e., to its characteristic ‘glazing’ 
temperature. If the deposit is sériously overheated, 
however, the carbides and matrix cells increase in 
size, and the resultant overlay tends to resemble more 
closely the conventional Stellite weld structure. 

In contrast to the results obtained by the oxy- 
acetylene and arc methods, the junction between the 
Spray Fuse deposit and the base metal has a wavy, 
irregular form (Fig. 2). This is caused by the shot 
blasting or other treatment for roughening the surface 
prior to spraying. On an etched sample, the bond is 
indicated by a narrow white band. It may be observed 
that it is metallurgically sound. The bond is formed 
essentially by a diffusion mechanism, the width of the 
junction band being indicative of the degree to which 
diffusion has taken place. 

Its narrow nature gives rise to another important 
and valuable characteristic; namely, that analysis 
shows no detectable increase in iron content even at a 
distance of only 0-006 in. from the junction. 

Because there is virtually no base metal contamina- 
tion, the Stellite deposit exhibits no drop in hardness. 
However, there is evidence of a slight carbon pick-up 
in the base metal (0-4% carbon steel in this instance), 
but this is very much less than when a deposit is 
applied by the oxy-acetylene method, and can be 
further reduced by suitably adjusting the deposition 
technique. 


Equipment and practical considerations 


Stellite powder can be applied by any of the powder 
spraying pistols that are available in the United 
Kingdom. It is not proposed to discuss the functional 
details of the various pistols, and their auxiliary 
equipment, for full information can be obtained else- 
where. 

The considerations affecting blank preparation and 
the actual spraying operation are essentially similar to 
those governing normal build-up by metallizing. The 
following points however, should be mentioned: 

The area to be sprayed must be roughened, and 
preference is given to grit blasting, using coarse angular 
steel shot. 

Where a recess is involved, the chamfer angle must 
not be more than 30°. If, on the other hand, the 
deposit is to finish flush with the end of the workpiece, 
the blank must be made with + in. of additional metal 
at each end, and the sharp corners should be broken 
by a + in. radius (Fig. 3). 

In the spraying operation, the aim is to apply to the 
Stellite powder only sufficient heat to plastisize the 
metal particles, so that they deform on impact with 
the workpiece. It is very important, however, that the 
powder should not be unduly oxidized as it passes 
through the pistol flame, for such a condition could 
lead to the masking of the glazing characteristic and 
also to a dirty deposit. 

Whilst many jobs may be sprayed cold, it is advis- 
able to preheat larger components. This can be done 
before and during spraying, provided that care is 
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taken to avoid oxidizing the surface of the workpiece, 

At this stage of the process, the deposit is similar 
to any other applied by cold spraying, and is porous to 
the extent of up to 25%. Shrinkage will occur during 
the subsequent fusing operation, and allowance should 
be made for it in calculating the desired finished over- 
lay. In contrast to the foregoing, the fusing operation 
is peculiar to the process. 

As Stellite coatings, applied by cold spraying, may 
be under considerable tensional stress, the fusing 
operation should be carried out as soon as possible 
after spraying. 

The fusing may be achieved by a number of 
methods, such as induction heating or in a controlled 
atmosphere furnace, etc., these techniques being 
favoured where large quantities of repetition items are 
involved. 

The most flexible approach, however, is to fuse 
with an oxy-acetylene torch fitted with a large multi- 
jet nozzle, designed to spread the heat over a wide area. 

Thus, the component should first be heated uni- 
formly to approximately 350°C. The torch is next 
played over the area where it is intended to start fusing, 
and the temperature of this area is raised to 700°C. 
Movement of the torch is then stopped and the heat 
is concentrated at the starting point. The temperature 
at this position is allowed to rise gradually to 1100°C., 
when the phenomenon of glazing is unmistakably 


‘observed and serves to show that fusion has taken 


place. Once fusion has been initiated, the torch should 
be moved slowly along the workpiece so that the 
glazing area or band traverses the entire sprayed sur- 
face. This operation, once started, should not be 
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3—Spray Fuse deposits can be applied to a plain cylindrical 
surface as indicated at (b), but it is preferable to machine a 
chamfered recess as at (a). If the deposit is to finish flush with 
the end face of the workpiece, }, in. of additional metal must 
be provided on each end of the blank, and the sharp corner 
broken with a +, in. radius as at (b) 
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interrupted, and none of the sprayed area must be 
omitted. 

Any number cf auxiliary torches and burners may 
be used to assist in fusing, depending on the size of 
the workpiece. 


Base metals 


The Spray Fuse process can be successfully applied 
to any steel of welding quality suitable for Stellite 
hard-facing, either by gas or by the electric arc. 

Three factors, however, are worthy of special men- 
tion, since each to some extent enhances the success 
and widens the field of application of the process, as 
compared with other methods of Stellite hard-facing. 

These factors are: 


(a) Low-base-metal dilution 
(b) Low heat intensity 
(c) Low stresses 


As already mentioned the base-metal dilution is 
negligible. In consequence it is possible to Spray Fuse 
Stellite without difficulty on such ‘chemically active’ 
materials as titanium stabilised 18/8 stainless steel, 
Nitralloy steels, and free cutting steels. 





%4—-Fusing a deposit of Spray Fuse SF. 1 alloy to 
the plunger of a deep-well pump for the pet- 
roleum industry. The steel tube is 1} in. dia., 
4 ft long with a 1} in. dia. bore 


5—Group of fan blade inserts which have had a 
Spray Fuse deposit 3s in. thick, applied to the 
leading edge 
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In the Spray Fuse process, the intensity of localized 
heat is very much less than with the other methods of 
Stellite deposition, and the entire fusion process is 
much more rapid. As a result, the component is sub- 
jected to a lower temperature for a shorter time than 
when other hard-facing procedures are employed. 
Grain growth and other structural modifications of 
the base metal are consequently at a minimum (see 
Fig. 2). 

Stresses induced in the workpiece by Spray Fusing 
are also less than with the other methods of deposition. 
This is due not only to the lower temperature and more 
rapid fusion of the deposit, but also to the more uni- 
form heat input of the whole deposited surface, 
particularly where cylindrical workpieces can be 
rotated during fusion. Deformation is correspond- 
ingly reduced, and the operations associated with both 
blank preparation and finishing are therefore consider- 
ably simplified. Moreover, there is less likelihood of 
cracking of hardening steels and other difficult mater- 
ials when using the Spray Fuse technique. Examples 
of this are 5% Cr—V tool steel, 18% W high-speed 
steel, and nodular cast iron. 


Typical applications 

Cylindrical components which can be rotated in a 
lathe chuck between centres are the most suitable 
subjects for the Spray Fuse process, and the hard- 
facing of shafts and sleeves for process pumps, hand- 
ling hot abrasive and corrosive liquids or slurries is 
an effective field of application. 

Solid steel shafts, up to 6 in. dia. requiring coatings 
of from 0-015-0-060 in. thick, can be successfully 
treated. Larger solid shafts require extensive heating 
arrangements for the fusing of the coating but, in 
principle, it is always advantageous to keep the wall 
thickness of the component to a minimum, so that the 
fusing operation can be carried out as rapidly as 
possible. An ideal application of this type is a deep 
well-pump plunger as shown in Fig. 4. The deposit 
is subsequently fused, as already described. Com- 
pensation is provided for linear expansion by using 
spring-loaded centres. Such components can be 
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sprayed with pistols arranged to travel to and fro 
along the length of the workpiece. 


Flat surfaces 


Another interesting application of this process is 
the protection of the leading edges of induced draught 
and exhauster fan blades for power plants and mines. 

A smooth deposit 4 in. thick can be produced on 
the leading edges with the minimum of distortion. A 
group of typical blades is shown in Fig. 5. 


Powder Welding 


As developed for the cobalt-base Stellite alloys, this 
is the more recent of the two developments mentioned, 
and varies fundamentally in technique from the Spray 
Fuse method. 

Since the spraying and fusing operations are com- 
bined, the method may be likened to rod welding by 
the oxy-acetylene process, with powder being substi- 
tuted for rod as the filler material. 

The method consists essentially of feeding metal 
powder, conveyed by argon gas, into an oxy-acetylene 
flame, directing it onto the area to be deposited, and 
fusing simultaneously. The powder melts and coa- 
lesces to form a weld pool, similar to that in rod depo- 
sition and quite in contrast to the fusing of the metal- 
lized overlay as described in the previous technique. 

As the deposit is actually melted, the resulting 
overlays resemble more closely, in their fundamental 
characteristics, those obtained by normal oxy- 
acetylene rod deposition. 


Equipment 
The following minimum equipment is necessary to 
apply the process: 
(i) Oxy-acetylene supply. (Owing to operating pressures, 2 
acetylene bottles should be coupled) 
(ii) Bottle of argon ‘ 
(iii) Balanced pressure hopper, as used in the standard 
Schori spraying equipment } 
(iv) The mechanism of the standard $chori Model 50 spray 


pistol together with a specially designed powder weld 
extension (Fig. 6). 


Oxygen and acetylene are led directly to the torch. 
Argon gas is used as the powder-conveying medium 
taking the powder from the hopper to the pistol. The 





Acetylene —10 Ib/ sq. in 
Oxygen ——22 Ib / sq. in. 
Argon —— 3-4 |b/sq. in. 
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6—Special Powder Weld extension fitted to the standard Schori 
Model 50 pistol 


argon supply incorporates a 3-way valve which allows 
the torch to be fed with or without powder (Fig. 7). 


Practical notes 

The feeding of powder into the weld pool under a 
pressure of argon has a strong cooling effect, so that 
the workpiece should be preheated as much as is 
practically possible, the limiting factor being oxida- 
tion of the base metal. In this way Stellite powder can 
be rapidly deposited over an area with the minimum 
of dilution. 

The nozzle tip should be held 2} in. from the face 
of the work; it should also be inclined at an angle of 
at least 10° in the direction of travel. This latter point 
must be emphasized, for in this technique two opera- 
tions are being conducted simultaneously. Thus, 
powder is being deposited in advance of the weld pool, 
while at the same time the flame is melting powder 
that is already on the face of the work. If, however, 
the angle of the nozzle is allowed to straighten or even 
become negative to the direction of travel, there 
would be a tendency for the conveying gas to blow 
through the weld pool; this could cause severe gas 
holes in the deposit which might become apparent 
only in the final machining operation. 

Typical applications 

From the foregoing considerations, it is possible to 
indicate those applications where the Powder Weld 
technique will show to best advantage. 

In view of the remarks on preheating, it will always 
be preferable to consider only relatively thin sections 
(}-? in.), and as stainless steels can with-stand higher 
preheating temperatures without fear of oxidation, 
components in these materials readily suggest them- 
selves as being the best types of application. 

As a molten weld pool will actually be formed, a 
recessed preparation is always preferable and so that the 
technique can be applied to best advantage these 











town gas and air 


7—Schematic presentation of Powder Weld assembly 
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8—Hard-facing the flights of a centrifuge conveyor screw by the 
Powder Weld process, using Stellite SF.1 powder. (Courtesy 
International Combustion Ltd.) 


recesses should not be more than 2 in. wide. The 
deposit should finish at not more than 0-100 in. thick, 
although the optimum range of thickness is probably 
about 0-030-0-060 in. 
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Using Stellite powders, the area to be deposited 
could be on a peripherial or curved surface (Fig. 8), 
but the Spray Fuse method is to be preferred where 
a normal cylindrical component is involved. 

Dealing more specifically with applications, the 
following immediately come to mind: 


Shear blades, textile blades, various wear blades, valve seats, 
the flights of centrifuge conveyor screws, sealing ring faces and— 
possibly what may ultimately be the most important application 
of all—an inaccessible deposit, such as an integral valve seat. 


In general terms, the Powder Weld method can be 
applied to the full range of steels proved satisfactory 
for normal oxy-acetylene rod deposition. 

To keep this picture in the proper perspective, how- 
ever, the major disadvantages, common to all powder 
techniques, must be mentioned: 


(a) Sharp corners and sudden changes in section. Rod depo- 
sition shows greater versatility in dealing with such 
problems 


(b) Edge bead and shoulder. It is very difficult to build up a 
shoulder effectively with powder. The optimum blank 
preparation in this instance is a recess. 
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Production Metallizing Machines 


The author outlines some of the considerations necessary when deciding the 


By Lloyd Manuel 


degree of automation required for any given machine and the requirements 
necessary to incorporate good metallizing practice. Some of the automatic 


metallizing machines now operating in full production are also briefly described. 


has been developed which can be made fully 
automatic so that almost any metallizing ap- 
plication can now be put into controlled production. 
With many processes the decision to replace 
individual operators by a machine is based on purely 
economic grounds, but with the metallizing process 
there are so many variables affecting the quality of the 
operation that any control which can be built into a 


QO": the past few years metallizing equipment 
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machine set-up can be an important additional con- 
sideration. 


Production Set-up 


The application of the process to a production set- 
up must involve the following considerations: 


(i) The type and number of metallizing units and accessories 
needed 

(ii) The degree of automation and mechanical handling 
needed to achieve the production output required and 
adequately reduce inspection or quality control responsi- 
bility. 
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The actual metal to be deposited is, of course, 
determined by the application, but the metallizing wire 
diameter can be varied; a typical range is from 
15 B&S to # in. Using the small diameter wire a 
metallizing gun would deposit a ‘band width’ of 
approx. § in.; with the largest wire the band width 
would be 1} in., but the maximum deposit rate of a 
metallizing gun using 15 B&S wire is only one third 
compared with the same gun using # in. wire. There- 
fore, on certain components of small area a comprom- 
ise has to be accepted between the deposit rate and 
‘overspray’ loss of metal. 

Once the size of wire and the area and thickness of 
the deposit has been established, it is a simple matter 
to determine the number and type of metallizing units 
required, for a given output, by reference to the spray- 





ing tables given in the instruction manual for each 
type. For example; a Type K gun has a deposit rate of 
350 sq.ft x 0-001 in. per hour using + in. dia. stainless 
steel wire; for 4 in. dia. wire the deposit rate is 
260 sq.ft/hr. Presuming that a production output of 
100 components per hour was to be metallized with 
stainless steel, the total area of deposit per hour 
being 20 sq.ft, with a thickness of 0-035 in., then two 
Type K guns using in. dia. wire would be required. 


Mechanization 


The degree of automation to be built into the 
installation will largely depend on the production 
quantities involved. For limited quantity production 
work it may be most economical to use standard, 
general-purpose tools and machinery operated by 
skilled, versatile labour. Work with hand-held guns 
will require one operator per gun. Two manually- 
operated but mounted guns can generally be con- 
trolled by one skilled operator. 

Where large quantity production work is involved, 
considerable savings will result from complete auto- 
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mation, and the use of comparatively unskilled 
operators. The savings in labour, materials, and scrap 
will pay for the increased cost of the equipment and 
set-up; moreover, quality of workmanship will be 
uniform. The consistency achieved from piece to piece 
invariably results in additional savings on subsequent 
machining operations and material; for example, a 
finish grinding allowance of 0-010 in. would be ade- 
quate on most metallized deposits but an operator 
using his best judgement on individual components 
would invariably allow double this amount to mini- 
mize rejections. 

Regardless of quantity considerations, for those 
production applications requiring very high quality 
control, satisfactory results can be obtained consist- 
ently only by committing the work-handling and 


1—Facing petrol-engine 
exhaust valve seats 
with aluminium 


metallizing operation to some degree of automatic 
control. 

The design flexibility of modern electronic automa- 
tion equipment based on the modular unit is so great 
that some mechanization can frequently be justified 
economically for relatively short-run work, a large 
proportion of the plant being convertible for future 
applications. 

As the degree of automation is increased and 
operator responsibility decreased, it becomes more 
important that good metallizing practice should be 
built into the machine. The following points should be 
observed : 


(a) The angle of spray impingement to the work sur- 
face has a pronounced effect on the physical 
properties and structure of sprayed metal. It is best 
to spray as nearly perpendicular to the work as 
possible, but an angle up to 45° has relatively little 
effect on the metal quality. At angles less than 45° 
with the work surface, the structure rapidly changes 
as the angle decreases. When spraying at steep 
angles a ‘shadow effect’ results, since particles 
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which have already adhered create areas behind 
them (shadows) which cannot be reached by the 
next particles striking the work. This tends to build 
up a very porous and wavy structure. 

(b) The distance of the gun nozzle from the work is 
not very critical, but generally it should be main- 
tained between 5 and 8 in. 

(c) On shafts etc., the work is usually rotated to give a 
surface speed of 35-100 ft/min. If the gun is 
mounted on the tool post etc., the traverse should 
be +--+ in. per revolution. It is not essential to keep 
within these limits, but it is generally good practice 
to traverse the surface rather rapidly, giving a 
deposit of between 0-002 and 0-004 in. to avoid 
layer effects. If the surface speed is increased, or 
the carriage feed is made faster, the result will 


2— Depositing zinc on cylindrical steel 
containers 


simply be that each pass of the gun across the 
shaft will apply a lighter coat. Likewise, if the 
surface speed is decreased, or the carriage feed is 
made slower, each pass will apply a heavier coat- 
ing. Consequently, it may be desirable to vary the 
recommended settings somewhat to suit each 
individual job. The speeds given will be found 
generally most suitable and can be converted to 
apply to inside diameters and flat surfaces. 

(d) Preparation of the surfaces should be done as close 
to the metallizing machine as possible so as to 
reduce possible surface contamination. 

(e) Where heavy coatings are applied rapidly, pre- 
heating and cooling may both be warranted. For 
example, a small shaft may be preheated to 250°F. 
and then immediately sprayed with a very rapid 
coating build-up. If it be assumed, in this case, that 
the shaft is so small that the temperature would 
rise rapidly from the spraying, cooling by an air 
blast during spraying would be warranted. The 
purpose of preheating or cooling during spraying 
is to prevent thermal expansion of the component 
after the coating has been formed, for this would 
over-stress the coating. Heating and cooling should 
therefore be thought of as an economy to permit a 
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higher speed of spraying, for the same result could 
be achieved by shutting off the gun, and pausing 
at frequent intervals. 


Work-handling equipment 

It is impractical to try to discuss all of the possible 
kinds of work-handling equipment for production 
jobs since these are of as great a variety as the jobs 
themselves. There are some production applications 
that involve the spraying of fabrics, such as the spray- 
ing of cotton gauze with aluminium to form an electro- 
lytic condenser plate. The work handling equipment in 
this case is conventional textile handling equipment 
using reels and rolls. 

In another type of application, hot glass is sprayed 
with aluminium through a mask to form an aluminium 





circuit on the glass for resistance heaters. In this case 
the hot glass is handled with suitable conveyor 
equipment through a heating furnace and in front of 
the metallizing guns, and the guns are oscillated as 
required to spray the surface. 

It will thus be realized that in many instances, 
whether the material being handled is glass, cloth, or 
steel spindles, suitable work-handling equipment can 
be adapted from normal industrial equipment with the 
addition of some means of moving the spray gun 
where necessary. 


Control system 

New electronic control systems, such as the METCO 
Type C Control unit,* have made fully automatic 
metallizing a possibility. These electronic units start 
and stop the metallizing guns, change the flame to 
idle conditions when desired, and control, start, and 
stop the wire feed. They literally watch and supervise 
the operation of the metallizing gun. 

The Type C control systems are of flexible design 
with separate units to perform the many control 
and supervisory functions that may be required 





*Metallizing Equipment Co. Ltd. is the Registered user of the 
Trade Mark METCO. 
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for an automatic installation. These standard units 
can be formed into many different combinations 
to meet the requirements of almost any production 
installation. The components are assembled into a 
single control cabinet, which forms the operator's 
control console 

The minimum unit provides the necessary regulation 
and metering equipment for the oxygen, fuel gas, and 


air supplies and ensures proper safety in the event of 


failure of air pressure or fuel-gas pressure. A control 
station is provided, which operates a series of valves in 
the unit for lighting and shutting off the gun, and an 
automatic idle flame can be provided when desired. 
Mechanisms for starting and stopping the wire can also 
be added as required, so that the metallizing gun can be 
arranged to spray when the work is in front of it, to 
stop spraying when the work moves on, and also to 
reduce the flame to idle conditions to avoid wasting 
fuel gas and oxygen. The automatic units provide 
relays which may be readily connected to the places on 
the handling-equipment part of the machine for 
actuating the spray and also for actuating the idle flame 
In all cases lighting is performed automatically. 
Optional units provide other services that may 
be needed, such as auxiliary pressure-regulated air, 
which may be used for equipment auxiliary to the 
metallizing gun, as for instance, air cooling blasts. A 
further operational unit provides a_heat-sensitive 


eye’, which can watch the flame and then turn on an 
alarm system and shut off the equipment, should the 
flame fail to light, backfire, or go out 

Automatic operating and supervisory equipment of 
this flexible design provides the production engineer 


with a tool for readily designing completely automatic 
installations from standard components, and for inter- 
locking the spraying and control equipment with 
conventional material-handling equipment 


Applications 


At present 
he ing used lor 


production metallizing machines are 
a large variety of work, ranging from 
car-engine camshafts, where the bearings are hard- 
faced with sprayed metal, to large tubular lamp posts 
coated with aluminium for corrosion protection 

\ description of three production installations can 
be quoted to illustrate some of the points previously 
mentioned 

The protection of 
coating the seating 


petrol-engine exhaust valves by 
area with aluminium has been 
practiced for several years. Originally the valve heads 
were dipped into molten metal through a salt-flux bath 
Now the valves are pre-heated and passed, rotating, 
in front of a metallizing gun. In this case the gun ts set 


at an angle so that it is directed onto the critical area 
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3— Facing jet engine seal rings with aluminium 


only; a fine-diameter wire is employed and the distance 
from the gun nozzle to the work is set to a minimum to 
reduce the overspray (Fig. 1). 

Figure 2 illustrates a machine for depositing zinc 
on steel containers at a rate of 200 per hour. Three 
metallizing guns are required, using } in. dia. wire, 
to achieve this necessary production rate. Previously, 
using hand guns, three operators had been employed 
to achieve an average hourly output of 120 per hour 
but with considerable variations from this rate. The 
bank of three guns Is set so that the ends of the con- 
tainers are also metallized: care is taken to ensure that 
the angle of the guns to the end face does not exceed 
45 , although at the centre of the face, the distance 
from work to the gun nozzle is 10 in. This distance can 
be regarded as the maximum for zinc, whereas more 
than 8 in. would be excessive for a high-melting-point 
metal 

A further example is the facing of jet engine seal 
rings with aluminium (Fig. 3). Two Type K guns are 
required to meet the output occasionally demanded 
and also to cover the face and outer diameter evenly 
The component is rotated at 75 surface feet per 
minute and is moved slowly, relative to the guns, to 
maintain a spraying distance of 6 in. The guns are 
started by the operator but they automatically switch 
to an ‘idle’ condition when the correct thickness of 
metal has been deposited The operator Is also res- 
ponsible for loading and unloading the component 

There are, of course, many production jobs for 
which hand spraying is still best suited, both for 
economic and quality control reasons. This is espect- 
ally true on the large or complex shapes often en- 
countered in corrosion coating work. There have been 
instances where a poor spraying technique has been 
actually incorporated into machines, to produce work 
that would have been below the standard of an 
average Operator 
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Hard Facing 
with Plasma Spray Guns 


The range of hard-facing materials should be extended by utilizing the 
heat developed by plasma gas. This paper reviews the various methods 


By E. A. Gerhold 


of obtaining plasma conditions suitable for flame spraying and briefl) 
describes the principles and operation of the new METCO Type MB 


Plasma Flame Spray Gun and some of the materials successfull) 
spraved by this equipment. 


ARD-FACING—the application of wear and 
temperature resistant surfaces on a_ softer 
base—is becoming more and more important 

as the pressure and temperature of operation in 
modern machines increase. Such surfaces possess 
properties that will allow of their use under specific 
conditions and give advantages too expensive to 
achieve with a massive base. The use of the plasma 
flame makes possible the application of a range of 
materials difficult or impossible to apply by conven- 
tional oxy/fuel-gas spray guns. 

Hard-facing was invented early in the iron age. It 
was found that soft iron became harder on the surface 
and kept its edge better after heating in carbon. Today 
carburizing is still the most common application of 
hard-facing:; i.e., hard-facing by combination, a layer 
of higher carbon steel being formed on a lower carbon 
steel base. A layer of higher carbon steel may also be 
applied by welding or by metallizing—hard-facing by 
addition. In an analogous manner the surface of 
aluminium combines with oxygen by anodizing to 
form a hard surface of oxide, or, aluminium oxide may 
be added to the base by spraying 

Although forming a hard face by combination is 
relatively easy, the instances in which this may be done 
are limited by lack of diversity of the type of coatings 
available and by lack of a significant increase of 
chemical resistance in most cases. Hard-facing, there- 
fore, usually refers to the formation, by addition, of a 
coating, differing materially from the base. It may in- 
clude the application of hard metals, such as chrom- 
ium by electrodeposition or, more usually, formation 
ef coatings of hard alloys by welding or metallizing. 
More recently the term has also been applied to coat- 
ings of ceramics or cermets. These coatings, apart 
from those applied by electrodeposition, require heat 
for their formation. Increased temperatures and more 
concentrated sources of heat became desirable as the 
melting points of the applied materials became higher. 
The plasma gas flame fulfils the requirements. 


The Plasma Flame 


A plasma may be defined as broken-down matter 
where the atomic nucleus has been stripped of all its 


electrons. This ideal state may be reached only in 
thermonuclear reactions and is outside the scope of 
manageable tools. In this paper, plasma refers to an 
intermediate state which consists of partially ionized 
and dissociated gas, produced continuously under 
controllable conditions by an electric arc. A mixture of 
ions, electrons, and neutral particles is dispersed in 
the gas to a greater or lesser degree, the amount being 
governed by the electrical energy fed into the arc. The 
amount of plasma formed is a readily recoverable store 
of energy translated into heat, when stabilization of the 
molecule away from the immediate source of energy, 
i.e., the arc, takes place. 

The demand for coatings formed by melting and 
spraying materials with melting points around or 
above the temperature limit of the oxy-acetylene flame 
has stimulated interest in producing equipment for 
using the heat potential of dissociated or ionized gas. 
Plasma spray guns have provided a reliable means of 
achieving this. With the present range of equipment, 
temperatures up to 16,000°C. may be achieved, al- 
though normal operations rarely demand more than 
5000 —-8000 C. This temperature range enables mat- 
erials such as tungsten, the refractory oxides, and 
carbides to be readily melted. The inherent high 
velocity of the flame causes the molten material to 
impact on to a base to form a coherent coating. 

Table | compares the temperature and heat transfer 
and velocity rates of some typical flame systems. 

The latent possibilities of plasma have long been 
recognized. Over 50 years ago it was utilized for the 
fixation of nitrogen.’ Mathers in 1911 patented the use 
of plasma as a means of generating heat in a furnace.” 
Reed also in 1908 discussed its use in the steel industry. 
Progress was not maintained, chiefly for two reasons; 
firstly the absence of general interest in achieving 
extreme temperatures; secondly, the lack of reliable, 
highly refractory materials of construction before 
1939. The Second World War stimulated interest in 
the process. The needs of gas turbine and rocket 
engines, high-temperature nuclear reactions, and the 
extreme temperatures generated by rockets in their 
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Table I 


Properties of some typical flame systems 


Max. Heat 
Transfer 
Rate 

Btu sq.in. see 


Vax 
Temp 
Type ( 


Velocity 
ft sec 

1810 100 
1810 5 2500 
2920 5 300 
2920 I 3600 


Bunsen flame 
Rocket flame 


4. Alr-propane 
B. Air-propane 
C. Oxy-propane Bunsen flame 
D. Oxy-propane Rocket flame 
E. Plasma flame Constricted 
arc 16,500 30,000 


A & ¢ Flames of mixed gases burning in open atmosphere 

B & D—Rocket flames issuing as jets at sonic velocity from a 
combustion chamber and expanding in the atmosphere. The 
higher heat transfer rate of the rocket type compared with that 
of the bunsen type Is due to higher velocity 


passage through the atmosphere all demanded more 
heat-resistant materials and coatings and methods foi 
processing and fabricating them. Plasma gas heating 
offered a solution to many of these problems, but the 
difficulty lay in applying this source of heat in practical, 
readily handled, equipment 

The maximum temperatures achieved by the com- 
bustion of hydrocarbon gas/oxygen mixtures cannot 
much exceed 3000°C. These reaction temperatures 
are stabilized by dissociation of CO, to COO and 
of H,O to H, +O. The temperature of hydrocarbon 
oxygen flames falls within the range 2900 —3100 ¢ 
since, Once dissociation occurs endothermic reaction 
limits further temperature The cyanogen 
oxygen reaction produces a much higher temperature 
(4400°C.) than any hydrocarbon/oxygen flame _be- 
cause the products do not dissociate appreciably below 
this temperature 

Arc temperatures are stabilized in the following 
manner. A minimum number of ionized molecules and 
electrons must be contained in the arc path if it is to 
remain conductive. If the ionized particles fall below a 
critical number (2-20°,, of the gas volume) a high- 
current arc will cease to be conductive. Since a gas 
cannot 1onize until a definite molecular energy level is 
reached, the operation of an arc is not possible below 
this temperature. There is, however, no practical lower 
temperature limit for plasma-containing gas provided 
that sufficient diluent gas is present 


increase 


Plasma torches and controls 


The very high temperatures generated both by the 
arc and the plasma stream necessitated ample water 
cooling, especially around the nozzle containing the 
arc, and many variations in design were tried and 
rejected before the present model was developed 

A constricted arc may operate under three differing 
techniques 


(a) Liquid-vortex stabilized 


(/) Gas-vortex stabilized 


Gas-sheath stabilized 
Liquid-vortex stabilized (Fig. 1)—The are is main- 
tained in the centre of a water vortex with a hollow 
This has the disadvantages of short 
running time and contamination due to the use of 
consumable electrodes 
interesting features 


core process 


The method possesses many 
however, including simplicity of 
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Water outlet 


Anode (+) 


Tangential 
~water supply 


Drain/ 
chamber 


1— Water-stabilized ar« 


design and higher energy plasmas than in equipment 
where electrode erosion is a disadvantage 

Gas-vortex stabilized (Fig. 2)—The arc is maintained 
within a gas stream with the nozzle as the cathode, and 
the electrons follow a path in the low-density core of 
the vortex to strike the anode. The long residence time 
of the gas in the arc stream provides for high heating 
efficiency. Disadvantages lie in the difficulty of main- 
taining high voltages (although they could be desir- 
able) and the high temperature developed at the 
anode. It is possible to sweep the arc stream beyond 
the nozzle, which is a complication where only the 
plasma gas is of use 


Electrical 


Tungsten, 
connection 


we 
_— anode 


Electrical 
connection 


Cooling water 


~~ 
Tungsten t. 
cathode 


Tangential 
gas inlet 


2—Gas-vortex-stabilized ar¢ 


Gas-sheath stabilized (Fig. 3)—This is achieved with 
a rod cathode and a hollow anode (the nozzle) and ts 
so designed that in operation the cool gas sheath 
separates the arc in the initial stages from the nozzle 
wall. The low-velocity core is progressively disrupted 
as the distance from the cathode increases, the gas 
close to the wall being heated until the arc no longer 
remains in its central position and spreads out in a 
diffuse pattern to impinge onto a large area of the 
nozzle wall. The latter system was used in the METCO 
Type MB Gun,* the principles of which are illustrated 
in Fig. 3. A high-frequency starter provides an arc 
path between the cathode and the hollow anode 
When low-voltage current is applied the main arc 1s 
established for a very short period along the path. 
Supply of gas, under pressure, sweeps the arc off its 
initial path up into the nozzle. The elongation of the 
arc and the corresponding long residence time of the 
gas in it causes the electrons in the arc to lose most of 
their energy to the gas, until a point is reached where 


* Metallizing Equipment Company Ltd. is the Registered User 
of the Trade Mark METCO 
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anode heating is so reduced that the nozzle material 
will withstand the electron impingement for long 
periods. 

The equipment necessary to operate the process 
includes 


(a) A d.c. power source 

(b) The gas supply to form the plasma 

(c) A coolant source for the gun 

(d) A materials-metering apparatus 

(e) Control equipment to regulate all the above 
(f) The plasma flame spray gun 


The d.c. current, 40-300 amp at 65 V, may be 
supplied either by motor generator set or by rectifying 
mains a.c. current. The latter system has been selected 
to allow for greater simplification in control, with 
trouble-free operation. For convenience, nitrogen with 
an admixture of hydrogen is used to form the plasma 
gas although other gases may be used. 

Distilled water, circulated through a heat exchanger 
cooled with mains water, keeps the gun cool. Distilled 
water 1s used to avoid a build-up of hard-water 
deposits in the narrow cooling channels in the nozzle 
This coolant is conveyed from the heat exchanger to 
the gun through the hoses which also house and cool 
the d.c. cables. 

The materials-metering equipment is necessary to 
ensure a steady flow of finely divided powder into the 
gas stream. These materials are entrained in a positive 
pressure stream of gas, which is usually the same as 
that used to form plasma. 

All controls for striking the arc, adjusting the 
current, controlling the gas and coolant flow, and 
finally starting the powder feed, are grouped in one 
control cabinet, which enables the gun to be remotely 
controlled and mechanically handled if necessary, or 
to be used as a hand tool. Although the weight of the 
gun is not excessive, a counterpoising suspension 
attachment is usually employed. for ease of handling 
and to avoid the need to lay down the gun. 


Operation 


In operation, the arc is struck from a tungsten 
electrode to the inlet of the nozzle by a small high- 
voltage charge. Once it is initiated, low-voltage, high- 
amperage current maintains the arc, plasma is formed 
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and burns as a steady flame, and the gun ts ready for 
use. 

Material to be sprayed is injected into the plasma 
flame by a carrier gas under pressure near the outlet of 
the nozzle, and is projected onto the surface to be 
treated. 

Design was influenced by considerations of flexi- 
bility, life of the components, and ease of operation. A 
constricted rather than a transferred arc was pre- 
ferred, in spite of the even greater heat availability of 
the latter. Operation of a transferred arc tended 
greatly to overheat the base, whereas the constricted 
arc allowed cooling to be applied. 

Early problems experienced with the constricted-arc 
gun were largely concerned with the application of 
sufficient cooling in the anode (nozzle) region and 
with the design and construction of the nozzle itself. 
It was found that high-melting or refractory materials 
were useless, two factors only being important—low 
electrical resistance and high heat conductivity. A 
copper alloy was finally selected, and water-cooled 
nozzles made of this material have given good service. 

Temperatures achievable vary considerably for 
plasma of various gases, and with the amount of 
electrical input necessary to maintain ionization. 
These temperatures can be calculated using Saha’s 
equation if the total electrical energy applied to the 
gas is known: 


5050 V; 
’) 


logis | 7 Fr 2:5 login T—6°5 


Where fraction of gas ionized 
total pressure, atm 
ionization voltage 


temperature of gas, K. 


Whilst monatomic gases do not commence to 
ionize effectively until a high temperature has been 
reached, diatomic gases begin to dissociate well 
below 5000°C., dissociation being complete at 6200 C. 
for most gases before ionization effectively com- 
mences. Figure 4 shows that diatomic gases have a 
greater heat availability at lower temperatures than 
monatomic gases. The reason for this higher heat lies 
in the great store of energy in the dissociated atoms, 
which recombine as the temperature drops through the 
dissociation range, a process analogous to the con- 
stant rejection of heat by steam cooling within the 
mixed phase region. 

The curves in Fig. 4 also show that hydrogen would 
be very suitable for a plasma feed gas for spraying 
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operations, for the arc pattern produced is very 
diffuse and resistance is low. But it was found in 
practice that heat erosion of the walls of the nozzle 
was too severe when the gas was used by itself. 
Nitrogen exhibited a pinched-arc effect with a rela- 
tively high resistance in the ionized stream. It was 
found that by using nitrogen with a small admixture 
of hydrogen a diffuse are with relatively low resistance 
was possible. 

The gas mixture usually employed with the METCO 


Type MB gun consists of nitrogen with 3-10°, of 


hydrogen. This produces a high-energy plasma with 
good conductance, operating at 60-70 V and about 
400 amp. The energy input to the gun is governed by 
the amount of heat required; although 25 kW is 
normal, up to 50 kW may be used 


Spraying Applications 


Metallizing is a well-developed art, and as both 
oxy/hydrocarbon-gas and plasma guns use high- 
temperature flames for melting the materials to be 
sprayed, many similarities in the use of the equipment 
are obvious. Differences in the two processes are very 
important, however, and some of these are indicated 
below 


(i) Plasma uses non-oxidizing gases in contrast to the oxy- 
gen fuel pistol 

(ii) The plasma flame is much hotter than any chemical 

reaction flame 

The velocity of plasma flames is in the transonic range, 

whereas oxy fuel-gas flames rarely exceed a velocity of 

200-300 ft sec 

As the impact velocity imparted to the particles is higher 

using plasma flame guns, the coatings formed are, in 

general, denser and more adherent than those applied by 

oxy, fuel-gas pistols 


(it) 


Owing to the operating conditions in the plasma 


gun, it is desirable to introduce the materials for 
spraying after the arc, and, because of the high flame 
velocity more difficulty is experienced than with the 
oxy/fuel-gas pistol 

The high temperature of the plasma flame with non- 
oxidizing conditions allows the satisfactory spraying 
of materials, such as tantalum carbide, that would be 
impossible to deposit with the oxy-acetylene spray 
technique. Materials which have been sprayed include 


Melting point, 
2500 
1900 
3500 
1500 
4150 
2800 
3350 
2850 
2950 


Beryllium oxide 
Chromium 
Niobium carbide 
Stainless steel 
Tantalum carbide 
Thorium oxide 
Tungsten 
Tungsten carbide 
Zirconium carbide 
which have the 


Coatings include 


following: 


been applied 


(a) Aluminium oxide—varying in hardness and texture from 
fully fused to light open grain 

(b) Calcium zirconate—dense and smooth 

(c) Magnesium oxide—very friable and loosely bonded to the 
surface 
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(d) Molybdenum 
steel plates 
(e) Titanium carbide 
(f) Tungsten 
96 *% 

(g) Tungsten carbide plus 12° 
standing wear resistance 

(h) Magnesium zirconate—excellent, with high density 
(j) Zirconium oxide—dense coatings of fused material have 
been deposited 


excellent, with tenacious bonds on bright 


friable and loosely integrated 
bright ductile coatings with densities up to 


, cobalt—excellent, with out- 


All materials are finely divided or atomized to en- 
able them to be carried in the feed gas stream for 
injection into the plasma flame through a necessarily 
small aperture. 

The texture of the coatings may be varied con- 
siderably by adjustments to the size and rate of feed of 
the powder, the composition of the plasma gas, and by 
varying the d.c. supply. 

Many of these materials may be applied to form 
coatings of great hardness, and as such they may be 
used for hard-facing. Apart from wear resistance many 
are inert to various corrosive substances and may be 
selected for wear resistance under particularly severe 
conditions. Their high melting points also allow sur- 
faces so produced to be used under high-temperature 
conditions. Slight porosity, greater than 2°,, if a 
disadvantage, may be filled with suitable sealers. 

Conventional hard-facing powders suitable for 
spraying, and including Stellite and Ni—Cr-—B alloys, 
may also be applied by the plasma gun. The coatings 
are dense and bright and may be used in the as- 
sprayed condition or they can be subsequently fused 
to the base. Spraying speeds are fast, it being possible 
to deposit at the rate of 25 lb/hr. It is possible to keep 
the track of applied material very narrow, obviating 
wastage where narrow track application is necessary 

Safety precautions for eye protection are similar to 
those for arc welding. Adequate ventilation must be 
provided at all times, for the high temperature volatil- 
izes a portion of the sprayed material, which will either 
burn up or condense in air to produce very fine 
particles that must not be inhaled. Nitrogen oxidizes, 
and the products are toxic. 


Conclusions 


The art of spraying coatings with the plasma flame 
gun is as yet in a formative phase, but the equipment 
is being supplied at the present time so that it may be 
evaluated. Doubtless. many radical changes will be 
made in the future to meet the growing volume ot 
knowledge of the process. Many developments are 
possible, and it may well be that at some future date 
both methods of hard-facing (combination and addi- 
tion) may be jointly used for forming hard coatings: 
for example, a coating of tungsten may be applied 
which could subsequently be hardened by surface 
flame carburizing using plasma. 
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Electron Beam Welding 


By M.E. Harper, GRAD.INST.P., and E.G. Nunn 


4 versatile vacuum welding equipment using an electron bombard- 
ment heat source is described in relation to the factors that govern its 
design. The operation of this equpiment is simple, and several of the 
welding techniqeus employed are discussed to illustrate the advantages 
of electron beam welding over the more conventional methods. 


metals and alloys has created a demand for im- 

proved welding techniques. Although the use of 
an inert atmosphere as a means of minimizing con- 
tamination has been developed to a high degree, it is 
only in recent years that attention has been paid to the 
advantages that may be gained by eliminating an 
atmosphere entirely. 

It is well known from vacuum melting work that 
metals can be refined under vacuum to a high degree of 
purity, the gaseous products being removed by the 
evacuation system. The possibility of welding under 
these conditions was among the considerations lead- 
ing to the development of vacuum welding by electron 
bombardment. 

Owing to the difficulties of sustaining a constant arc 
discharge in vacuo, the use of electron bombardment 
as a source of heat for vacuum welding was initiated 
by M. J. A. Stohr! of the Commissariat de L’Energie 
Atomique, France. The potentialities of the technique 
were verified and put into practice in the fabrication of 
nuclear fuel element cans. American work*:* has con- 
firmed the advantages of this type of welding and 
although, in Britain, the use of this process is still in 
its early stages,* initial results confirm its future 
possibilities. 


T= continual development of new and superior 


Welding Equipment 


The welding equipment illustrated in Figs. | and 2 
is designed as a versatile experimental unit capable of 
adaption as a production tool. To ensure that experi- 
mental experience may be directly related to produc- 
tion work, careful consideration is given to robust 
construction and simplicity of operation. 

It is convenient to consider the equipment as a 
modular unit consisting basically of an electron gun, 
vacuum chamber, evacuation system, motorized 
drive, d.c. power supply, and pulsing unit. Since many 
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Mr. Harper is Head of the Vacuum Metallurgy Research 
Division of Edwards High Vacuum Limited, Crawley, and 
Mr. Nunn is a Research Assistant with the same organiza- 
tion 566 





factors govern the design of each item, these are 
discussed individually. 


Electron gun 


The electron gun is in effect the welding torch, and 
to a large extent its characteristics dictate the func- 
tions of the other components. It is required to pro- 
duce a focused beam of electrons, whose kinetic 
energy is converted to heat on a small target area. The 
gun employed, illustrated in Fig. 3, is easily demount- 
able and is robust in construction. It is operated in 
vacuum at a pressure of less than 10~* torr* (corres- 
ponding to an argon purity of better than 99-9999 °,) 
and is powered by a 20 kV, 100 mA, d.c. supply. 

The power that can be delivered to the weld area is 
a product of the high tension voltage and the electron 
current, and for various reasons a compromise on the 
magnitude of both these variables is necessary. In 
general, the magnitude of power required for welding 
does not make the supply of sufficient electrons a 
difficulty though it does effect the focused size of the 
beam. The choice of the high tension voltage is im- 
portant from three considerations: Firstly, its magni- 
tude is primarily responsible for the degree of pene- 
tration that can be achieved; secondly, it is governed 
by the nature of the material to be welded; and finally, 
it dictates the type of X-ray emission produced. In 
practice it has been found that sufficient penetration 
can be obtained for most work at a maximum voltage 
of 20 kV, and although, even at this potential, soft 
X-rays are produced, they are completely shielded by a 
normal steel vacuum chamber. 

Power connections are made to the gun by a high- 
tension cable, the earth screen of which is connected to 
the outer tube of the gun assembly, and both slide and 
rotate in a vacuum seal mounted eccentrically in its 
supporting plate. The tube houses the insulated 
assembly, consisting of a bias tube and low-tension 
leads which supply power to the electron emitter con- 
nected to the cathode terminal of the h.t. supply. To 
provide external horizontal adjustment of the beam, 
emission emanates through an orifice off-set from the 


* | torr is a pressure of | mm of mercury. 
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centre of rotation of the gun. The orifice may be varied 
in size and is capable of vertical adjustment in an end 
cap, which has a plug connection to the tubular 
assembly to facilitate removal when replacement of the 
emitter is necessary. The end cap forms the bias screen 
of the gun and is used for emission supression for 
pulsing, and as an aid to focusing. The electron beam 
is focused either electrostatically or electromagnetic- 
ally. The latter is normally employed in conjunction 
with bias variation, for this provides adequate control 
of focal length and avoids the need to position the 
workpiece in the vertical plane 

The magnetic lens is the anode of the system, and 
together with the workpiece and vacuum chamber is at 
earth potential. The earthing of the anode and all 
parts of the system, except the inner end of the 
electron gun, not only ensures safety of operation but 
avoids the discharge phenomena that occurs if large 
surface areas are at cathode potential. 


Vacuum chamber 

To provide a high degree of flexibility the vacuum 
chamber (2 ft dia. « 3 ft long) is accessible from a front 
opening door and has four viewing windows and five 
alternative positions for the electron gun and motor- 
ized drive. The rear end is flanged for extension if 
desired and connection is made to the vacuum system 
by a low-impedance port 

The greatest weakness of the chamber to X-ray 
penetration are the observation windows, but tests 
carried out show that welding may be performed at 
20 kV for a maximum of 30 hours per week before the 
tolerance is 
appears to be an adequate safeguard, additional pre- 


safe exceeded 


Although this in itself 
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l General view of electron beam welding 
equipment 


2—Jnterior view of electron beam welding equipment 


cautions are taken by the fitting of external lead-glass 
screens to each observation window. 


Evacuation system 


con- 


As this equipment is essentially ‘clean’, a 
ventional high-vacuum evacuation system ts used, 
consisting of a 1500 litre/sec oil-vapour diffusion pump 
backed by a 450 litre/min rotary mechanical pump 
The system is fully controlled by valves to enable the 
vacuum pumps to remain fully operational while the 
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Electron gun assembly (not to scale) 


chamber is open for the positioning and removal of 
welded components 

The time of evacuation to 10°? torr is approxi- 
mately 8 min, one minute of which is taken by the 
diffusion pump in reducing the pressure from 0-3 torr. 
If a shorter evacuation time is required a correspond- 
ing increase in the size of rotary pump is necessary. 


1 


Motorized drive 


As an essentially stationary electron gun is employed, 
the component to be welded must be traversed so that 
the line of weld is coincident with the focused beam. 
lo accomplish this a motorized drive rotates a chuck 
for circumferential welding or for transmitting motion 
to a traverse for longitudinal welding or other mech- 
anical jigs. The drive itself is hollow to enable long 
tubes to be inserted through its base for cap welding. 
It is driven from a peripheral gear by a Thyratron- 
controlled variable speed motor operating over the 
speed range } to 16 r.p.m 


High-tension d.c. supply 

The main d.c. power unit, fed from a 3-phase supply, 
is capable of supplying an electron current of 100 mA 
at a high-tension voltage of 20 kV, and up to 1000 \ 
d.c. bias negative with respect to the cathode. The h.t. 
voltage and electron beam current are both monitored 
by meters, and terminal connections are provided to 
enable oscillograph readings to be taken. A static | kV 
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bias supply is incorporated and is operated from a 
single-phase pulsing unit external to the main power 
unit so that electron emission from the gun may be 
completely suppressed. 

The power unit has several safety features, such as 
complete isolation of the h.t. power at a pressure 
greater than half an atmosphere. The h.t. supply is 
interlocked so that it cannot be applied until the 
filament circuit has been energized. The filament 
circuit is also isolated at atmospheric pressure, but to 
allow the electron emitter to be aligned a shorting 
switch is provided. This supplies power to this circuit 
at atmospheric pressure, but in no circumstances can 
the h.t. voltage be applied. 


Pulsing unit 

For certain applications it is necessary to pulse the 
electron beam. At present two techniques are em- 
ployed to accomplish this. The simplest technique 
suppresses electron emission by the application of a 
cut-off bias voltage to the gun. A more complicated 
technique is the interruption of the h.t. voltage. So 
that both methods may be studied, a composite puls- 
ing unit is used which employs a Dekatron control 
switching over the range 0 to 90 cycles ‘On’ and 0 to 
90 cycles ‘Off with an accuracy of +-1 cycle. 


Operation 

The operation of the plant is relatively simple and 
the accomplishment of a circumferential weld is an 
illustration of the operating procedure, which is 
analogous for other configurations. 

After the requisite pre-treatment, the material to be 
welded is placed in the chuck and the electron gun is 
moved by its course adjustment to the position that 
will allow the fine adjustment to be made when the 
chamber is under vacuum. The vacuum chamber is 
closed and is then evacuated by the rotary mechanical 
pump to approximately 0-3 torr, at which stage the 
vapour diffusion pump is brought into the pumping 
circuit and rapidly reduces the pressure to less than 
10 4 torr. The filament circuit is energized and the h.t. 
adjusted to approximately 15 kV (or if this is a repeti- 
tive process to the exact figure previously determined). 
At this stage power is supplied to the electromagnetic 
lens and the filament temperature is raised to secure a 
small amount of electron emission. The beam is 
focused and the gun rotated by the fine adjustment 
until a beam is seen to fall in the approximate area of 
the line of weld. This is visible by the fluorescence that 
occurs from the surface of the workpiece. To ensure 
that pre-melting does not occur during this setting-up 
vperation, the workpiece is rotated at a speed greater 
than that which will be used when welding. The power 
is increased and the beam refocused to obtain a spot of 
desired size by the variation of bias voltage together 
with adjustment of the electromagnetic lens that 
controls the position of the spot in the vertical plane. 
The final adjustment is made in the horizontal plane, 
and with the spot coincident with the line of intended 
weld the power is increased and the beam refocused. 
The rotational speed is reduced until the required size 
of molten bead is produced and is maintained constant 
for one or more passes. If the relevant settings are 
noted, repetitive welds can be carried out until it is 
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necessary to renew the emitter, an Operation executed 
by unplugging the electron gun end cap and replacing 
the emitter (a 0-010 in. dia. tungsten ‘hairpin’). 

After completion of welding, the workpiece is 
allowed to cool to a safe temperature, the vacuum 
equipment is isolated and the chamber 
atmospheric pressure 


raised to 


Welding Techniques 


In common with all forms of welding, the highest 
quality is obtained only if the correct pre-weld prepara- 
tion is carried out. This may be considered as three 
separate items: cleaning, geometry of the weld joint, 
ind jigging. If carbon is present in the weld material 
advantage may be taken of its highly reducing nature 
to lower the oxygen content. However, in the welding 
of pure metals, particularly those such as aluminium, 
that have heavy oxide layers, the oxygen content can 
be reduced only by straight dissociation and, as the 
temperature—pressure conditions required to bring 
about such dissociation are beyond the scope of pres- 
ent-day techniques, it is important that such materials 
be thoroughly cleaned before welding. No matter how 
carefully materials such as aluminium are handled 
there will always be surface oxide present, and it is an 
important feature of electron beam welding compared 
with other methods that, owing to the negligible force 
exerted by the impact of the electrons, there is less 
chance of entrapment of oxides within the weld. In 
general, it is sufficient to state that the cleaning tech- 
niques used in the preparation of materials for argon- 
arc welding are fully suitable for electron beam welding. 

Che geometry of the weld is decided by the dimen- 
sions of the component, nature of the materials, 
penetration required, and the accuracy of the jigging 
used. It is important to remember that it is often far 
simpler to design a component to be suitable for 
welding than it is to adapt the welding method to 
overcome inadequate design 


Thin sections 


The welding of thin sections, for example thick- 
nesses Of less than 0-010 in., 1s of interest for many 
applications. The inherent accurate control of the 
electron beam is of great value for this work, for the 
power level may be instantly varied with complete 
stability. As only low power is required, the focused 
spot size is decreased by increasing the bias voltage 
ipplied to the gun and working at the highest h.t 
voltage tolerable for the material being welded. The 
most important factors effecting a good weld are the 
iccuracy of the jigging and the gap between the 
mating surfaces. Edge welding is the simplest pro- 
cedure and, wherever possible, the component should 
be designed to enable this type of weld to be carried 
out. Ideally there should be no gap between the mating 
and components should be machined to 
interference fit. The execution of a butt 
full pen requires more considera- 
Owing to the thinness of the section, there will be 
if a straight butt 
difficult to avoid 
weld line. To overcome this, it Is 


practice to lip the edges of the ont 


surfaces 
secure an 


veld with 


tration 
aterial in the weld area and 
iS attempted, it is extremely 
uncturing along the 


general weld 


before welding so as to provide sufficient metal to 
secure a strong weld bead and allow adequate penetra- 
tion. Where a controlled under-bead is required the 
backing procedure may be the same as that used for 
argonarc welding. To facilitate the necessary align- 
ment of the component and to accommodate the 
waisting of the weld that occurs at the extreme ends of 
a discontinuous run, it is advisable to extend the weld 
line to a greater length than that required for the 
finished weld. It is only necessary to make this exten- 
sion over a small width on each side of the weld line 


Thick sections 


It has already been stated that one of the main 
factors affecting the penetration is the magnitude of the 
h.t. voltage. An additional factor is the thermal 
conductivity of the material. For example, when 
welding } in. thick copper, penetration of | in. is 
obtained for a weld width of } in. at a h.t. voltage of 
18 kV. Greater penetrations for the same weld width 
are, of course, obtained with materials of lower 
thermal conductivity 

If the thickness of the material is greater than the 
penetration available and it is necessary to achieve full 
penetration, mating surfaces of the butt weld are 
required to be machined to a vee shape as in normal 
welding techniques. This, of course, means that filler 
metal must be provided, and although there does not 
appear to be a practical difficulty in using a separate 
wire feed operated within the vacuum chamber, an 
alternative approach is to shape the weld joint as 
shown in Fig. 4a, and to complete the weld in stages, 
continually increasing the focused spot size until the 
excess metal has been melted and used to fill the vee 
groove and until a flush weld obtained. Full penetra- 
tion can, of course, be obtained by increasing the h.t. 
voltage provided, of course, that the gas evolved 


(a) Electron 


gun 


Electron 
gun 


Thin diaphragm 


4. - Preparation thick se 


(a) For full-penetration of 
edge welding of vastly dissimilar sections 

together with the vapour pressure of the material 
being melted is sufficiently low to ensure that toniza- 
tion of the beam does not occur. If sufficient weld 


width is not maintained, gaseous products evolved 
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during the vacuum welding process are not removed 
and cavities are left in the weld section. Thus, although 
narrow deep welds are attractive, it is often more 
beneficial to obtain the full advantages of vacuum 
refining by employing a suitable technique. 


Dissimilar sections 


In many components the problems of welding 
dissimilar sections must be faced, and the ability to 
concentrate heat over a very small area without 
instability is an obvious advantage for this work. It 
is difficult to lay down any hard-and-fast rule regarding 
the ratio of thicknesses of the two components to be 
joined which become a border line between a straight- 
forward welding operation and one for which a 


special technique must be used. If it is a question of 


joining material of only a few thousandths of an inch 
thickness to, say, material greater than } in. thick, then 
the thermal mass of the heavy section material (if the 
thermai conductivity is of a high value) presents 
difficulties which are often best solved by machining 
the weld area of the thick section to form a thin flange 
which can then be edge welded to the thin section 
(Fig. 46). Most of the difficulty occurs on these vastly 
dissimilar sections in the far greater rate of expansion 
of the material of low thermal mass, and an alternative 
approach to this welding problem is discussed later. 


Dissimilar metals: (a) Aluminium to copper rounds 


ELECTRON BEAM WELDING 


(b) copper to stainless steel sheet 


Dissimilar metals 

It is evident that the high purity of atmesphere 
obtained in electron beam welding is largely res- 
ponsible for the ability to successfully weld dissimilar 
materials. This is particularly valuable in the joining of 
metals which present difficulties because of oxide 
contamination. The aluminium—copper weld shown in 
Fig. Sa illustrates such a case where, owing to the 
extremely low contamination level, the oxidation of 
the lower-melting-point constituent has been obviated. 
It is general practice in welding dissimilar materials to 
focus the electron beam initially on the component 
having the highest thermal conductivity, and to raise 
its temperature to a degree dependent on the types of 
material to be joined. For example, with copper 
aluminium, the copper is initially heated to a tempera- 
ture approaching the melting point of aluminium; the 
focused beam is then adjusted so that approximately 
two thirds of the heat is delivered to the copper and 
the remainder to the aluminium. A further illustration 
is the joining of copper to stainless steel (Fig. 55). In 
this instance, the temperature of the copper is raised 
to almost its melting point before the beam is diverted 
to overlap slightly the stainless steel. If this procedure 
is not carried out and the beam is focused mainly on 
the stainless steel, it will melt in advance of the copper 
and a successful weld will not be obtained. 


6 Molvhdenum weld 
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Refractory metals 

For many years the successful welding of the 
refractory metals, such as molybdenum and tungsten, 
has been difficult owing to the extreme brittleness of the 
finished weld. The welds that can be produced by 
electron bombardment, although exhibiting large 
grain size, appear to have far superior properties to 
those produced by argonarc welding. Figure 6 illus- 
trates longitudinal welds made in commercial 0-010 in. 
thick sintered molybdenum sheet one of which has 
been bent through 90° at room temperature without 
cracking. This weld was accomplished by the technique 
of lipping the edges of the starting material. It is 
interesting to note that such welds are ductile only if 
complete penetration is achieved, and the width of 
weld bead is greater than } in. on each side of the sheet. 
In the welding of this type of commercial sheet there is 
considerable evolution of gas and spitting of the metal 
itself, which imposes a limit on the h.t. voltage that 
can be used. Although at present it is difficult to 
explain the reasons for ductility at room temperature, 
especially in the transition zone where the sheet itself 
is recrystallized, the ability to lower the oxygen content 
by this welding method is obviously one of its import- 
ant features. Very successful welds have also been 
obtained between tungsten and molybdenum that are 
significantly stronger than those made by argonarc 
welding 


Pulsing 

Of the two methods previously described, pulsing by 
the suppression of electron emission is the one most 
generally employed 


Pulsing was originally introduced to enable metals 
with a high vapour pressure, such as magnesium, to be 


welded without incurring breakdown of the h.t. 
voltage as a result of gross ionization. It is, of course, 
difficult to weld such metals by electron bombard- 
ment, for the weight loss of metal in the weld area is 
considerable. However, successful welds have been 
made on Magnox alloys, but the need for pulsing to 
prevent h.t. breakdown has not been substantiated 


fluminium edge welds (Nos. 1 and 2 pulsed) 

However, pulsing can be used to advantage when 
welding these metals to overcome an additional phe- 
nomena. At a certain stage during the welding the 
metal vapour cloud attains a proportion such that the 
electron current is suddenly increased. This is avoided 
if a high-intensity pulse of short duration is used. The 
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frequency of the pulse is adjusted so that overlapping 
to form a continuous weld occurs. 

Pulsing has proved to be particularly advantageous 
in preventing flow distortion in the weld area. Ex- 
amples of this are shown in Fig. 7, which illustrates 
aluminium edge welds carried out with and without 
pulsing. 

The pulsing method is also advantageous in secur- 
ing maximum penetration with the minimum of heat 
transfer to the surrounding area. This is achieved by 
using a high-energy pulse of short duration, with an 
off-time between the pulses regulated to obtain the 
necessary degree of cooling. 

The welding of dissimilar sections, for example a 
circumferential weld between a thin diaphragm and a 
heavy body, presents difficulties if the weld is con- 
tinuous, because expansion of the thin member occurs 
at a far greater rate than its mating component and 
results in a progressive misalignment of the mating 
surfaces. This may be overcome by pulsing at an 
interval rate which first tack welds the components at. 
say 30° intervals, and by following with a pulse of 
shorter interval to form a continuous weld 


Heat-treatment 


The ability to pre-heat the weld area and to carry 
out heat-treatment after welding is an advantage of 
electron beam welding that cannot be easily achieved 
with other welding methods. The electron beam can be 
easily defocused to produce a large spot size so that 
the component can be heated within the weld area 
to any required temperature. This technique has also 
been found very valuable for the vacuum brazing of 
components 


Conclusion 


It is clear from the basic principles discussed that 
electron beam welding has much to commend it. The 
extremely low order of contamination that can be 
achieved, together with the advantages of vacuum 
refining, have already assured its use for high purity 
welding. The accuracy and repetitiveness of its control 
accompanied by its high energy input per unit area 
justify its exploitation as a low cost mass production 
tool for many components. The ability to seal off a 
component under vacuum in one operation has already 
been exploited for the canning of nuclear fuel elements, 
and is suitable for the sealing of electronic devices, 
aneroid capsules, etc. The success achieved in the 
welding of refractory metals increases the possibility of 
utilizing these materials in many fields. It is considered 
that a technique which enables a semi-skilled worker to 
produce welds of a quality difficult to achieve by an 
experienced welder, using other processes, cannot be 
ignored in an era of rapidly expanding technology 
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Application of Electro-Slag Welding 


The electro-slag welding process is described and compared with other welding 
processes, particularly submerged-arc. Requirements of filler materials and 


fluxes are given and their relationship with weld metal quality are discussed. It 
is shown that for most structures the mechanical properties of electro-slag weld 
metal are more than adequate if it is normalized after welding and ti.at in 
many cases ‘as-deposited’ weld metal is quite satisfactory. 


By A. M. Horsfield, 
M.A., A.I.M. 


It is shown that the electro-slag process offers important economies in those 


industries where heavy sections have to be fabricated. 


ECHNOLOGICAL advances in the engineering in- 

dustries since the war have resulted in demands 

for a welding process capable of joining thick 
plates economically. The development of nuclear 
power stations and turbine generators of up to 200,000 
kW output has emphasized the need for automatic 
welding processes capable of producing sound welds 
in a variety of steels several inches thick. 

When the Russians first introduced the electro-slag 
process, about ten years ago, the object was to make 
possible the manufacture of large forgings and pres- 
sings which were beyond the capacity of the Russian 
foundries at that time. The method used was to make 
the forgings in small manageable parts, which were 
then joined together by electro-slag welding. The 
process was thus developed to provide a quick solution 
to the lack of heavy forges and presses in Russian 
industry at the end of the war. 

It proved so successful that other applications were 
quickly found, and it has now become the preferred 
method of welding in the Soviet Union. It is the only 
fully automatic process that works in the vertical 


position, and the Russians now manipulate many of 


their jobs into this position so that this process can be 
used. 

Although the welding machines have been developed 
to a high degree of efficiency by continual modification 
over the past ten years, some of the original machines 
built by the Paton Institute are still giving satisfactory 
service in Russian industry. 


Description of the Process 


In principle, the process is a form of continuous 
casting, and in contrast to all other arc welding pro- 
cesses there is no are once equilibrium has been 
obtained. The heat necessary to melt the electrode and 
fuse the sides of the parent plate is derived from the 
passage of current through the electrically conductive 
molten slag. The temperature of the slag bath reaches 
2400°C., and is thus sufficiently high to melt the elec- 
trode and the parent plate edges. Water-cooled copper 
shoes are used to retain the molten metal and slag 
bath, and to shape the weld bead. These shoes are 
connected to the carriage of the welding machine, 
which moves up the seam as welding proceeds. 
Manuscript received 2nd March 1960 
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The shape of the shoes is such that a thin layer of 
slag forms between each shoe and the surface of the 
weld. The small quantity of flux which is thus con- 
sumed is made up by adding to the melt small quanti- 
ties of powdered flux from a flux hopper mounted on 
the machine. 

The plates to be welded have square edges, which 
may be either machined or flame cut, and are set up 
with a parallel vertical gap }-1} in. wide depending 
upon the plate thickness. Suitably sized C-clamps are 
welded to the plates to maintain the gap width and to 
keep the plates in line. Run-on and run-off plates must 
also be provided so that the start and finish of the 
weld (both of which may contain defects) will be out- 
side the completed seam and can be removed later. 
Iwo to three inches at each end of the seam is normally 
sufficient to ensure freedom from weld metal contain- 
ing porosity or slag. 

To start the welding process an arc is struck under 
a layer of powdered flux and is maintained until suffi- 
cient flux has been melted, when the process auto- 
matically changes over to full electro-slag welding. 
Fusion of the parent plate then takes place and the 
molten metal, which is contained by the water-cooled 
copper shoes, solidifies as the carriage, electrodes, and 
shoes all move vertically upwards leaving the com- 
pleted weld behind them. 

One, two, or three electrodes can be used, depending 
upon the thickness of the material being welded. The 
carriage carrying the welding head has a motor- 
operated traverse movement which enables the elec- 
trodes to oscillate slowly in a horizontal plane across 
the weld gap. This ensures an even spread of heat 
across the gap and helps to maintain uniform penetra- 
tion into the parent plate. 

When equilibrium conditions have been established, 
the travelling carriage moves up the seam at an 
automatically controlled rate and so keeps the level 
of the molten metal constant with respect to the 
electrode feed tubes and the top edge of the copper 
shoes. Constancy of the level of the molten metal is 
one of the primary conditions for uniform penetration 
and the attainment of high quality seams.':*}* 


Welding Machines and Power Sources 


Two types of machine are available in Great 
Britain. The first type is a heavy-duty machine capable 








338 BRITISH WELDING JOURNAL, MAY 


of welding plate up to 20 in. thick using up to three 
electrodes, each carrying a maximum current of 1000 
amp. For very thick welds, plate electrodes up to 3 in. 
wide can be used, but since filler metal in this form 
cannot be fed continuously from a coil in the same way 
as wire, the techniques used are different because, in 
this case, the electrodes have to be lowered into the 
molten weld pool 

For most applications, wire electrodes are entirely 
satisfactory and can be used for welding plate material 
up to 15 in. thick 

An example of this type of machine is the ES3 
machine, designed by Professor Paton of the Paton 
Institute in Kiev and illustrated in Fig. |. This machine 
is normally mounted on a tripod base, vertical move- 
ment of the welding head being by means of a motor 
drive which carries the machine up a vertical track 
through a rack and pinion mechanism. Before welding 
starts, it is necessary to make sure that the vertical 
track is accurately aligned parallel to the joint. 

The horizontal oscillatory movement of the elec- 
trodes is variable between 12 and 40 in./min, the 
amplitude being adjustable and controlled automati- 
cally by limit stops. The electrodes can be made to 
pause at the ends of each movement by up to 6 sec. 

These adjustments are sufficient to enable a uniform 
distribution of heat across the joint to be obtained, 
thus permitting a close control of weld section 

The ES3 machine will accept up to three 3 mm dia. 
electrodes carrying up to 1000 amp each. The power 
unit supplied for use with the machine is a 3000-amp 
capacity, 3-phase transformer with a flat volt/ampere 
characteristic. The current through each electrode can 


be controlled from the welding head of the machine 
or from the transformer itself, whichever is the more 


convenient 

A smaller machine, which moves directly on the 
workpiece and thus does not require a vertical column, 
is also available for welding plate up to 4 in. thick 
using one or two electrodes. This machine, the ESS, 
which is shown in Fig. 2, was developed by the Paton 
Institute in Russia and operates by an ingenious mag- 
netic mechanism which permits the machine to walk 
up the workpiece. The machine is not equipped with a 
reciprocating electrode movement; the maximum 
thickness of plate that can be welded satisfactorily is 
therefore about 4 in. Thicker plate can be welded by 
using two machines, one on each side of the plate. One 
or two electrodes of 2:5 mm dia. can be used on each 
machine, the maximum current per electrode being 
750 amp. The speed of welding is adjustable from 
0-65 to 6 in. min 

The power supply for the ES5 is a motor generator 
capable of supplying 600 amp d.c. at 100°, duty cycle 
or, for two-electrode welding, a 1000-amp motor 
generator can be used. For maximum current per 
electrode two 1000-amp generators rated at 750 amp 
continuous working would be used 


Effect of Welding Variables on Operation and Quality 
Power source characteristics 

Although the electro-slag process can be operated 
satisfactorily with either a.c. or d.c. power supplies, 
it should be remembered that the process will be most 
stable when conditions are unfavourable to are for- 


|—ES3 electro-slag welding machine for use with up to three 
electrodes 


mation. This is in direct contrast to the arc welding 
processes where an important requirement of the 
power source is that it should facilitate the production 
of a stable arc. 

Both the large and small welding machines work on 
the ‘self-adjusting-arc’ principle; /.e., at any particular 
wire feed speed the welding current and welding volt- 
age (the voltage between the electrode tip and molten 
weld metal) are fixed. An increase in wire feed speed 
causes an increase in welding current and therefore in 
electrode burn-off rate, which keeps the welding 
voltage and therefore the distance between the elec- 
trode tip and workpiece constant at a pre-set value. 

The principles governing the self regulation of arc 
welding processes have been fully described elsewhere 
and apply equally to electro-slag welding.” Briefly, it 
has been established that the best self-regulation is 
obtained when a power source having a substantially 
flat volt/ampere characteristic is used 

The best choice of power source would therefore 
appear to be a transformer with a flat output charac- 
teristic. A transformer would be chosen because a.c. 
arcs are less stable than d.c. arcs and are therefore 
preferable for electro-slag welding for the reasons 
already given 

In practice, however, conventional transformers and 
generators can be used successfully, although if a 
power source is being purchased specifically for an 
electro-slag machine a unit specially designed for the 
process would be chosen 

The actual mode of transfer of metal from the 
electrode to the molten weld pool depends largely on 
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ESS magnet-actuated portable electro-slag welding machine 


the type of current source used. Melting of the elec- 
trode takes place over the entire area immersed 1n the 


slag but it is most rapid at the tip, which, in the case of 


round wire, tapers to a point. Oscillographic records 
of welding current and welding voltage show that the 
metal transfers in the form of droplets from the elec- 
trode tip, alternating current producing the coarsest 
drops and direct current (electrode positive) the 
finest.*:> With a small droplet size the extent of slag 
metal reactions which take place between the trans- 
ferring metal and the slag bath is greater than with 
large droplets since in the former case the reaction 
surface area is greater 

Because of this and the fact that with a d.c. arc some 


electrolysis of the slag takes place, the composition of 


the weld metal will vary, depending upon wheiher a.c., 
d.c. electrode positive, or d.c. electrode negative is 
used. This effect has in fact been observed by Russian 
investigators® and a paper recently published by 
Bishop’ gives some useful information on this aspect 
of the process 


Fluxes and filler metals 

In general, the materials used in electro-slag welding 
are similar to those used in submerged-are welding 
but because, in the former case, the molten flux should 
be electrically conducting and not allow arc formation, 
electro-slag fluxes have to meet additional require- 
ments not usually specified for submerged-are welding 
fluxes 

In submerged-arc welding considerable reaction is 


possible between the weld metal and slag because of 
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the high temperature of the arc and the relatively 
large ratio of fused slag to weld metal. The ratio 
(weight-of-slag-fused / weight-of-metal-deposited) is 
approximately | : 3 for this process. 

In electro-slag welding there is less possibility of 
slag/metal reactions taking place because the tempera- 
ture is lower and the ratio of slag/weld-metal is low, 
averaging about | : 20. For this reason alloying of the 
weld metal through the slag is difficult, so that if 
alloying elements have to be added it is preferable to 
do so by using alloyed filler wire. It is thus clear that 
in electro-slag welding the metallurgical properties of 
the flux and slag are much less important than the 
physical and technological properties. 

The principle requirements of molten electro-slag 
flux are: 


(i) It should ensure stability of the process 
(ii) Its electrical conductivity should be high enough to allow 
the current to flow at a reasonably low welding voltage 
(iii) Its boiling point should be high 
(iv) Its viscosity should be low 


These requirements will now be studied in greater 
detail. 


Stability 

As mentioned previously, stability of the electro- 
slag process requires prevention of arc formation, so 
the flux should contain a high proportion of com- 
pounds which promote arc instability and a minimum 
quantity of arc stabilizers. A suitable flux therefore 
contains a fairly large quantity of fluorides to pro- 
mote arc instability. Agglomerated or ceramic fluxes 


containing metallic components, such as ferro alloys, 
are unsuitable for the process since these materials 
tend to stabilize arcs. 


Electrical conductivity 

To ensure adequate electrical conductivity the flux 
should contain components which ionize readily in the 
molten state. Fluorspar and magnesia are suitable for 
this purpose. Silica, which does not readily undergo 
ionic dissociation, should not be present in too large 
amounts. 


Vaporization 

If the slag has a high boiling point there will be less 
tendency for it to vaporize at the electrode tip and 
cause gas bubbles to form. It is desirable to suppress 
formation of gas bubbles as much as possible, since 
they are usually accompanied by arcing. To raise the 
boiling point of the slag the oxides of magnesium, 
calcium, and aluminium should be present in sufficient 
amounts 


Viscosity 

The slag viscosity should be low, so that if any gas 
bubbles do form at the electrode tip they can easily 
rise to the surface of the molten pool. 

In practice it is necessary to compromise between 
the demands of stability and the other technological 
requirements of the process. For example, if the slag 
viscosity is very low there will be a tendency for the 
fluid slag to penetrate between the retaining shoes and 
the plate being welded. If, on the other hand, the 
viscosity is very high, undercutting may occur along 
the bead 
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If the electrical conductivity of the slag is very high 
the heat generated may be insufficient to ensure 
adequate penetration into the parent plate, since in 
the electro-slag process the heat produced per unit 
time is given by /*R, where / is the welding current 
(amp) and R is the electrical resistance (ohms). 

A typical composition of an electro-slag flux is the 
Russian Formula AN22, which is a general-purpose 
flux suitable for welding mild and low-alloy steels. Its 
approximate chemical composition is: SiO,, 20°,: 
Al,O,, 20%; CaO, 15%; MnO, 10%: MgO, 15%; 
CaF,, 20°, 

The filler wire used for most applications concerned 
with welding mild steel is one containing about 2° 
Mn, although composite wires are also available con- 
taining deoxidizers and fluxing ingredients.* The com- 
position of the weld metal depends upon the composi- 
tion of the filler wire, the composition of the parent 
plate and the amount of penetration. With normal 
penetration the weld metal about 40° 
parent plate and 60°, filler wire, although it is possible 
to make an electro-slag weld containing less than 20 
of parent plate 

Welding conditions at dilutions are 
critical if intermittent lack of penetration is to be 
avoided, so for ease of operation it is customary to 
work at dilutions of 33°, or more 

Factors affecting the dilution have been described 
previously, and the influence of the different welding 
variables on the composition and homogeneity of the 
weld metal has been given by Bishop’ in a paper 
summarizing Russian Work, and by Lucey and 
Smout 

It has already been pointed out that slag/metal 
reactions play only a small part in determining the 
electro-slag weld metal. It should 
therefore be possible to calculate fairly accurately the 
composition of the weld metal if the dilution, analysis 
of filler wire, and analysis of parent plate are known 
Table | shows a practical example 

Although there is fairly good agreement between 
the calculated and actual weld metal analyses, there 
are small differences. This is partly because the 
determination of the percentage dilution is not exact 
and partly because some chemical reaction between 
weld metal and slag does occur. The main reactions in 
electro-slag welding are those between iron, silicon, 
manganese, and their oxides: e.g 
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to a maximum of approximately 5°,, when an equi- 
librium condition appears to be reached and no further 
change in composition occurs. 

This equilibrium occurs comparatively soon after 
welding has begun and it has been found that the slag 
composition becomes constant when about 2 in. of 
weld seam have been completed. Consequently, the 
composition of an electro-slag weld is sensibly con- 
stant throughout its length. 

If the analysis of mild steel electro-slag weld metal 
is compared with that of manual or submerged-arc 
welds it will be noticed that the manganese content is 
comparatively high. The main reason for this is that 
electro-slag weld metal in the ‘as-deposited’ state has 
a coarse structure, so that the manganese content 
must be at least | *%, to obtain a sufficiently high tensile 
strength. 


Defects in Electro-Slag Welds 


The main defects occurring in fusion welds are 
cracking, porosity, and slag inclusions, and although 
modern materials and techniques have resulted in a 
marked improvement in weld metal quality a fusion 
weld often contains one or other of these defects, 
depending to a great extent on the skill of the welder. 

Compared with other processes, electro-slag weld- 
ing, if correctly applied, will give welds completely 
free from slag inclusions and porosity 

Since the process produces a weld in a single pass, 
there is no question of incomplete slag removal 
between runs, and the rate of solidification is so slow 
that a complete separation between the molten slag 
and the weld metal can be obtained. Since there ts no 
arc and the weld metal is completely protected by a 
layer of moiten slag there is little tendency for porosity 
to form; and any which does form can easily escape 
because of the low solidification rate. Provided that a 
fully-killed filler wire is used, even rimming steels can 
be successfully welded 

Weld-metal cracking can occur in electro-slag welds 
(usually hot cracking) and is often the result of faulty 
technique leading to an unsatisfactory metallurgical 
structure. Provided that the width of the weld pool ts 
large in relation to its depth the primary structure will 
be such that the dendrites will point upwards in a 
chevron configuration and cracking will be minimised. 

It is essential to ensure that the primary crystals are 
not oriented perpendicular to the welding direction, 
otherwise impurities will concentrate in the centre of 
the weld, thereby increasing the risk of hot cracking.* 
This state of affairs usually occurs when the weld pool 
is deep and narrow, and one solution ts to increase the 
welding voltage and decrease the welding current so as 
to form a wider and shallower weld pool. If the parent 
material has high carbon and sulphur contents, the 
penetration should be kept low and the manganese 
content should be increased to ensure a high Mn/S 
ratio. 


Mechanical Properties of Electro-Slag Weld Metal 


Because of the thermal characteristic of the process, 
as-welded electro-slag weld metal has a coarse struc- 
ture and a wide heat-affected zone in which consider- 
able grain growth occurs 
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With the exception of V-notch impact properties, 
the mechanical properties of electro-slag weld metal 
can be made to match those of the parent plate by the 
use of suitable alloying elements. 

If high notch-impact values are required, it is 
recommended that the welds be normalized, thus 
enabling satisfactory Izod or Charpy V-notch results 
to be obtained, which compare favourably with those 
obtained from as-deposited multi-run submerged-arc 
welds. 

The slow rate of cooling ensures that martensite 
does not form even in comparatively highly alloyed 
welds, and many hardenable steels can be welded by 
this process without pre-heating. 

On the other hand, certain grain-controlled steels 
react unfavourably to the thermal cycle obtained in 
electro-slag welding. This is probably due to the 
occurrence of some form of precipitation, and until 
more research work has been done steel of this type 
should not be used for structures which are to be 
electro-slag welded unless preliminary welding tests 
have shown that it is safe to do so. 

Since electro-slag weld metal is deposited uniformly 
across the cross section of the joint, there is no ten- 
dency for the plates being welded to bow or distort, 
but because of shrinkage of the solidifying weld metal 
the gap between the plates tends to close up as welding 
proceeds 

This can be countered by altering the welding speed 
or setting the plates up initially with a larger gap at the 
top.* Because the distortion is so slight, the level of 
residual stress in an electro-slag weld is very much 
lower than with other fusion welding processes, and 
rarely exceeds a value greater than half the yield stress. 

This low level of residual stress, coupled with free- 
dom from inclusions and other internal defects, gives 
electro-slag weld metal very satisfactory fatigue 
properties, but the heat-affected zone of the parent 
plate is less satisfactory, and most of the as-welded 
specimens tested by the Russians have failed in this 
region 


Applications of the Electro-Slag Process 


The application of electro-slag welding to the seam- 
ing of steel plates is governed largely by economic 
considerations, and the process is unique among other 
fusion welding processes in that the economic advan- 
tages become more apparent as the thickness of the 
plates being joined increases. 

The properties of electro-slag metal are such that the 
process can be used for welding thick-walled pressure 
vessels, heavy press frames, turbine shafts, press 
cylinders and, in fact, any structure that does not call 
for high sub-zero V-notch impact values. 

The process is being used extensively in the Soviet 
Union for fabricating castings and forgings that are 
too large to manufacture in one piece, and in this field 
great economies are being achieved compared with 
conventional methods. 

As an example of this, a frame for a 4000-ton press 
has been built from 6} in. and 3} in. thick plates. On 
completion, the weight of the frame was 90 tons com- 
pared with 114 tons when made in cast steel. The total 
cost of the welded frame was 30°, less than that of a 
cast frame. There are of course, instances where a steel 
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casting appears to cost less than the electro-slag 
welded alternative, but most often, if the cost of 
moulds and patterns are taken into account, the 
welded version is cheaper. Also, when cast or forged 
components are combined with plate elements, the 
machining becomes simplified, and this again leads to 
reduced costs. 

The welding speeds possible with the electro-slag 
process depend upon the material being welded, and 
it is only with mild steel that the maximum speeds 
should be used. For low-alloy or stainless steels, more 
moderate speeds should be used so as to avoid weld 
metal cracking 


Future Developments 


At present, the companies supplying electro-slag 
welding equipment in Great Britain are experimenting 
with different types of flux and filler material in an 
attempt to improve the mechanical properties of the 
weld metal, and extend the scope of the process. 

It should be remembered that, so far as the West is 
concerned, the process is quite new, and many prob- 
lems have still to be solved. It is to be hoped that now 
the process is available in Britain, we shall be able to 
contribute to its development by finding new applica- 
tions 

If the process could be extended to the vertical 
welding on site of plate of more modest thickness than 
that usually associated with the process, this would 
indeed be an important advance. One application that 
comes to mind in this connection is shipbuilding, and 
it must be realised that in this field the process would 
be competing with vertical manual welding, not down- 
hand submerged-arc. 

Difficulty with the classifying societies might be 
experienced if the process is extended to shipbuilding, 
and in this case some reassessment of their require- 
ments may be necessary. Very little is actually known 
about the resistance of electro-slag welded joints to 
brittle fracture, and research work on this subject 
might well lead to increased application of the process. 
If it were to be found during tests that brittle fracture 
would not be initiated by an electro-slag welded joint, 
is it then possible that the process would be acceptable 
for shipbuilding, or must it be insisted that a welded 
joint should be capable of arresting a brittle crack 
which has initiated in the plate material, remote from 
the heat-affected zone? 

Until the answer to some of these questions has been 
determined, the potentialities of the process cannot be 
fully realized. 
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Semi-Automatic Welding with Fine Wires 


Recent developments in equipment provide alternative methods of feeding fine 
wires down to 0-020 in. dia. for the welding of thin aluminium alloys, steel, 


stainless steel, and copper alloys. 


Investigations into metal transfer with short-circuiting arcs have shown that 


two distinct types of transfer can occur; (1) Dip transfer in which the electrode 
tip dips into the pool of molten metal; (2) droplet dip transfer in which a droplet 
forms on the end of the electrode before short-circuiting to the plate. 

The development of slope-controlled power sources has greatly facilitated 
the welding of thin material and the positional welding of steel and stainless 


steel using dip transfer. 


By R.V. Brimble, 
J. A. Lucey 

and 

D. B. Tait 


These new equipments and welding techniques are already being used in 
industry and have been shown to have important economic as well as technical 


advantages 


INCE its inception soon after the War the gas- 
shielded metal-arc welding process has become 
firmly established in industry for the welding of 
non-ferrous metals, particularly aluminium and its 
alloys, and also for corrosion- and heat-resisting steels. 
In recent years some progress has also been made in 
the welding of mild steel using specially deoxidized 
electrode wires and either argon—oxygen mixtures or 
CO, as the shielding gas. 
This process has possessed two main limitations, 
which have prevented its wider application: 


(i) That mild steel and stainless steel could only be welded in 
the downhand position 


(ii) That the thinnest plate in any material 
welded by semi-automatic methods 
under commercial conditions was § in 


that could be 
without difficulty 


These limitations have now been overcome by the 
introduction of equipment for feeding small-diameter 
electrode wires, and of improved power sources. These 
enable thinner plate sections to be welded and also 
make practicable the positional welding of mild and 
stainless steels in all thicknesses. 

When the equipment is used for the welding of thin 
sections, travel speeds are obtainable that are faster 
than with the metal-arc, tungsten-arc, or oxy-acetylene 
processes; distortion is also reduced. For welding 
steels in the vertical and overhead positions, the use of 
fine wires and improved power sources should provide 
an attractive alternative for much work at present 
welded with coated electrodes. 


Equipment for Feeding Fine Wires 


Conventional equipment for inert-gas metal-arc 
(Mig) welding will deal very effectively with aluminium 
alloy wire of 3, and + in. dia. and with hard wires; 
e.g., mild steel and stainless steel, of 4 and & in. 


diameter. Smaller wires have been used from time to 
time to weld thinner materials but although, for 
example, 4 in. dia. aluminium alloy wire has been 
used on conventional equipment, this size accounts for 
only about 5°, of aluminium wire used in the U.K. 
This limitation is due in considerable measure to the 
difficulties of feeding such a fragile wire, and to the 
number of ‘burn backs’ (i.e., fusion of the wire to the 
contact tube in the gun) that occur under production 
conditions. 

Apart from the development of power sources and 
techniques, the success of thin wire welding largely 
results from the development of equipment for feeding 
small-diameter wires consistently. These develop- 
ments have occurred along three different lines. 


Self-contained gun 

A number of guns are now available on which a 
small spool of wire (generally | lb of aluminium alloy 
wire or 1} lb of ferrous wire) is mounted. The wire 
feed motor and gear reduction unit are mounted in the 
handle of the gun; the feed roll, driven directly from 
the gear box, is thus situated directly behind the guide 
tube. The wire is therefore pulled directly from the 
spool and is pushed less than 6 in. to the arc. Such 
guns can operate on the conventional self-adjusting- 
arc principle of constant wire feed speed or on the 
series control principle, where the arc voltage deter- 
mines the motor speed. They have a continuous rating 
up to 200 amp and will handle aluminium alloy wires 
from 0-030 to , in. dia. and ferrous wires up to 
0-047 in. dia. at wire feed speeds from 100 to 900 
in./min. The complete range of wire feed speeds is not 
available from one motor and gear box and must be 
obtained either as in the model illustrated in Fig. 1, by 
a range of motor and gear boxes for fitting to one 
basic gun, or by the use of a range of different guns. 
Manuscript received 8th March 1960 
The authors are with Quasi-Arc Limited 
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1— Self-contained welding gun 


The guns weigh about 4 lb, complete with a spool 
of wire, and because they are well balanced they are 
not unduly tiring to use, even for long times. A 
separate control box for adjusting arc length, control- 
ling gas flow, and providing power for inching the 
wire weighs about 18 Ib. 

The self-contained gun does in fact cover two 
separate requirements. As it will feed small-diameter 
aluminium wires it is used for welding thin sheet, and 
as the gun and control box are very portable and will 
operate at any distance from the power source, it can 
also be used on thicker materials where extreme 


portability and accessability are prime considerations. 
The equipment will primarily be used on the thinner 


materials and for welding in the vertical and overhead 
positions. For downhand welding on thicker materials, 
conventional gas-shielded metal-arc equipment will 
use cheaper wire on large spools and generally give 
higher welding speeds because of the higher currents 
used. 


Use of fine wires on conventional push-type wire feed units 

It is obviously advantageous to use conventional 
wire feed units for welding with thin wires, for they 
widen the range of work; it is also cheaper to use wire 
wound on large spools than on small spools. 


The feeding of small-diameter (0-020 and 4 in.) 


mild steel and stainless steel wires along 12 ft or so of 


flexible conduit from the feed rolls to the gun on 
standard equipment has been found to be possible by 
supporting the wire very closely in a specially lubri- 
cated Nylon feed tube from the very point of exit 
from the feed rolls to the copper contact tube. The 
water-cooled torch shown in Fig. 2 is rated at 200 amp 
and is very light indeed (16 oz) and thus is to be pre- 
ferred to self-contained guns for welding thin-gauge 
ferrous materials, unless the wide radius of operation 
of the latter confers special advantages. 


Equipment for pulling wire from large spools 

An alternative system is to pull wire from a large 
spool by means of a pair of feed rolls situated in the 
gun and driven through a flexible shaft from a remote 
wire-feed motor. Only in this way can sufficient power 
be made available at the gun to pull wire from large 
spools down a flexible conduit. 

The provision of a flexible shaft, in addition to the 
other services, tends to make the gun more bulky and 
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unwieldy than normal. Equipment of this type is so 
far not available on the U.K. market. 


Metal Transfer 


With Mig welding it has been customary to use 
welding currents and voltages that ensure that metal 
moves across the arc in the form of a succession of 
small droplets approximately equal in diameter to that 
of the electrode wire. This type of metal transfer is 
known as ‘spray’ transfer and is maintained only when 
the current density is comparatively high-—generally 
more than 50,000 amp/sq.in. for wires 4 to 4 in. 
diameter. 

As the current density is reduced the sizes of the 
small droplets transferring across the arc increase, 
until a threshold point is reached at which spray 
transfer ceases and very much larger globules form on 
the tip of the electrode. These may reach a diameter 
several times greater than that of the electrode itself 
before they become detached and move across the arc. 
When they hit the parent plate these comparatively 
large drops may actually bounce on the plate surface, 
so great is the tenacity of the surface film surrounding 
them. At the same time, small droplets tend to fly off 
in the form of spatter. 

Spray and globular transfer are well known and have 
been very clearly demonstrated with the aid of high- 
speed photography by Jahn and Gourd,’ Smith and 
Needham,” and by Needham, Cooksey, and Milner.* 

At welding currents generally below 200-250 amp 
an entirely different type of metal transfer can occur 
if the are length is sufficiently short. Tuthill* has 


200-amp water-cooled welding torch with conventional wire 
feeding equipment 


termed it ‘dip’ transfer in relation to arcs obtained 
when using CO, as the shielding gas. It is an apt des- 
cription because the tip of the electrode actually dips 
into the pool of molten metal on the plate surface 
causing a short circuit of sufficient duration to extin- 
guish the arc. This short circuit results in an increase 
in welding current, which heats up the electrode tip 
so that it melts off and an arc is fe-established. 
McElrath® has also indicated the advantages of a 
short arc (which is really a succession of short circuits) 
for use with inert-gas shielding in the welding of thin 
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materials. He noted that arc voltages used are generally 
about 6 V lower than normal and may in fact be as 
low as 14 V. 

An important point which has not been specifically 
mentioned by either of these investigators is that a 
short-circuiting arc may occur at welding currents 
which, with a longer arc, would lead to either spray or 
globular metal transfer 

In fact, two types of short-circuiting arc have been 
clearly revealed by high-speed photography at 3750 
frames per sec., and the present authors have defined 
them in the following way 


(a) Dip transfer—in which the end of the electrode wire itself 
dips into the pool (Fig. 3) 

(+) Droplet dip transfer—in which a distinct droplet forms on 
the end of the electrode wire and the droplet dips into the 
pool while still attached to the end of the wire (Fig. 4) 


Y 


— + 7 
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exceptionally low arc power in relation to metal 
deposition rate. This ratio is compared in Fig. 7 with 
that normally obtained with spray transfer when 


welding mild steel. 


Welding Power Sources 


Conventional power sources for gas-shielded arc 
welding do not fulfil all the necessary requirements for 
dip transfer welding. The two types in common use in 
the U.K. are both metal rectifiers, one having a droop- 
ing volt/ampere characteristic with 55 V open circuit, 
and the other having a substantially flat characteristic. 
The short-circuit current obtained with the former is 
insufficient to prevent the electrode from freezing to 
the plate at very low current densities and low voltages, 


¢ 


3— Short circuit sequence for * Dip 
transfer” 


ep. 


Direction of electrode travel ——» 


| a a | 


Direction of electrode travel ——~ 


=... 


There is no definite threshold between dip transfer, 
droplet dip transfer, and conventional spray and 
globular type transfers. 

Whether the metal transfer occurs in the form of 
dip or droplet dip, the frequency of short circuits 
depends upon a number of factors. These include: 
electrode composition, shielding gas, welding current, 
arc voltage, power source characteristics, and the 
degree of electrical preheating of the electrode where 
it extends from the contact tip to the arc. Oscillographs 
(Figs. 5 and 6) show the effect of some of these 
variables 

Generally it appears that the best welding perform- 
ance is associated with a form of transfer in which the 
cycle of short circuit to arc is very rapid—about 50 
200 times per second. Such arcs are very short indeed, 
and the arc force is reduced to such an extent that it is 
possible to tolerate fit-up gaps greater than the thick- 
ness of plate being welded and to weld exceptionally 
thin materials. Positional welding is also easier with 
these very short arcs, because gravity has little influ- 
ence on the metal transfer and spatter is generally fine, 
so that there is little risk of a large spatter globule 
adhering to the nozzle tip and obstructing the free 
passage of the electrode wire 

An additional factor which gives dip transfer arcs 
special advantages for tolerance to fit-up gaps, all- 
position welding, and the welding of thin plate, is the 


Short circuit sequence for * Droplet 
dip transfer 


oe . 
~ 


whilst the flat characteristic, or constant potential, 
power source has a short-circuit current that is too 
high; in consequence, when the arc is re-established 
its force is sufficient to blast a hole in the plate or to 
scatter the molten pool in the form of spatter. 

To maintain stable welding conditions with a low 
voltage arc that is interrupted by a succession of short 
circuits, the power source must have the right com- 
bination of static and dynamic characteristics. The 
current during short-circuit conditions must rise suff- 
ciently rapidly to melt the tip of the electrode but its 
peak value must not be so high that the force of the 
arc, when it is re-established, is excessive. At the same 
time the power source must include sufficient induc- 
tance to store energy during the period of short circuit 
that will help to initiate the subsequent arc and main- 
tain it during the period in which both current and 
voltage decay. 

Power source requirements do, however, depend 
upon whether: 


(a) The current density is of a magnitude that would promote 
spray transfer with higher arc voltages 

(+) Globular transfer would take place with longer arcs at the 
same current 


In the first case the natural tendency for the metal to 
leave the electrode in the form of small droplets seems 
to assist the action of wiping off the metal during 
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DEPOSITION RATE, |b/ hr 


Ratio of arc power to metal deposition rate for spray and dip 
metal transfer of mild steel 


short circuit, so that it is not necessary for the current 
to rise appreciably during this period so as to en- 
courage a rapid sequence of short circuits. Since, 
therefore, the currents used with thin aluminium 
wires are such as would normally give spray transfer 
with higher arc voltages, some conventional drooping 
characteristic power sources have proved to be en- 
tirely satisfactory for welding aluminium. 

The second case occurs with CO,-shielded welding 
of mild steel when the type of metal transfer would be 
globular if longer arc lengths were used. 

Power sources developed specifically for dip transfer 
welding have definite advantages compared with those 
having a conventional drooping characteristic. These 
new machines have either a slightly rising, flat, or 
slightly drooping volt/ampere characteristic. With a 
flat or rising characteristic, inductance in the welding 
line helps to limit the short-circuit current resulting 
from dip transfer welding. Best results over a wide 
range of conditions are obtained when the value of the 
short-circuit current can be pre-selected by varying the 
slope of the volt/ampere characteristic. Slope-con- 
trolled rectifiers which give this facility also include 
sufficient inductance to help re-establish and maintain 
the arc immediately after short circuit 


Aluminium and Light Alloys 


For aluminium alloy wires of small diameter the 
most suitable wire feeding equipment is that in which 
both the feed motor and the wire spool are contained 
within the welding gun 

It has been found that droplet dip transfer can be 
used to weld thicknesses down to 16 s.w.g. in all 
positions, and that conventional drooping 
characteristic power sources can be used if they are 
capable of giving the correct currents at the requisite 
low voltages 


some 


The are characteristics obtained with different alu- 
minium alloys are not precisely similar, and some 
advantage is gained by the use of a slope-controlled 
rectifier when filler wires containing up to 5° Mg are 


deposited at currents towards the lower end of the 
range. This advantage is more obvious when welding 
in the vertical and overhead positions, for the dip 
transfer arc obtained with this type of power source 
gives a more stable metal transfer than does a con- 
ventional drooping characteristic power source 

Using these equipments and techniques with thin 
wires the arc may be directed with pin point accuracy 
into the joint to be welded, producing a small res- 
tricted weld pool with no overheating or premature 
melting of the parent material ahead of, or to either 
side of the arc. This makes the welding of 16 s.w.g. 
sheet in all positions a relatively easy task to the 
welder of average skill. The welds may be produced at 
very fast travel speeds; for instance, it is possible to 
obtain speeds for fillet welds on 16 s.w.g. sheet greater 
than 100 in./min, and on 10 s.w.g. sheet speeds up to 
72 in./min. This, however, should not be taken as an 
indication that travel speeds are of necessity high, for 
it is quite possible to reduce the speed of travel to 
within the region of 24-30 in./min should the fit-up, 
position, or accessibility of the work require these 
slower speeds. 

Weld tests have shown that for short-circuiting arcs, 
arc voltages some 6 V lower than is usual for conven- 
tional spray transfer are used, and that the arc voltage 


Table I 


Burn-off rates for 0-030 in. wire at min. and 
max. currents for given plate thicknesses 





Plate 
Thickness, 


Wire Feed Travel 
Speed Speed 
S.W.2 in.jmun "min 
16 H.V. fillet 80 16 320 te) 
16 m 130* 20 730 100 


Joint Current, Voltage 


amp 


80 16 320 26 
135* 20 780 4) 
100 18 450 
135* 21 780 





* Smaller fillet 


currents. 


sizes are produced at the higher welding 
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8—Relationship of wire feed speed to current for 0-030 in. dia 


pure aluminium wire with short-circuiting arcs 
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rises as the current rises for an arc of constant visual 
length and appearance. It has also been shown that a 
slight increase in current requires a comparatively 
large increase in wire feed speed to maintain the same 
visual arc length. Thus, as Table I and Fig. 8 show, the 
burn-off rate and therefore the travel speed can be 


varied considerably by relatively small changes of 


current. 

The combination of a high burn-off rate at low 
current and a localized arc with low total heat input, 
which is characteristic of short-circuiting arcs, mini- 
mizes distortion and enables the process to show 
considerable advantages over either conventional gas- 
Shielded spray-type metal-arc, tungsten-arc, or Oxy- 
acetylene welding. This is particularly true for fillet 
welds in thin sheet. Sketches depicting the results to be 








a) Short-circuiting arc (15—19v) showing localised arc giving controlled root 
penetration and freedom from undercut 


Spray-type arc (22-25v) showing undercutting of parent plate and uncon- 
trolied excessive root penetration 


Results to be expected from the welding of a 16 s.w.g. fillet in 
aluminium 


expected from the use of a gas-shielded spray arc and 
a dip transfer arc to produce a fillet weld in light gauge 
sheet are shown in Fig. 9. 

It is of interest that the purging action that breaks 
down the oxide film on the parent plate is particularly 
efficient when a very short arc is used; consequently 
there is more tolerance to contaminated surfaces than 
is usual with spray-type metal transfer. 

This new equipment and welding technique are 


already being used to advantage for the fabrication of 


cab roofs for diesel electric locomotives, window 
frames, tubular bodies for motor vehicles, ships’ 
superstructures and funnels, food containers, and the 
like. Figures 10-12 show the self-contained gun in 
production use, and Fig. 13 shows typical joints that 
may be welded with dip transfer techniques. 


11 and 12 
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Mild Steel 


It is possible that it is for the welding of mild steel 
that the introduction of small diameter filler wires and 
the type of dip transfer arc, made possible by the 
development of slope-controlled power sources, has 
shown the greatest advances. For not only has the 
range of sheet metal thicknesses, which may be welded 
by the gas-shielded consumable-electrode process, 
been considerably extended, but welding in all posi- 
tions has also become possible and is a task well 
within the scope of the average welder. In general, the 
shielding gas used is carbon dioxide. 

A wider choice of wire feed mechanisms exists for 
mild steel thin wires than for the light alloys, and 
either a self-contained gun or a conventional wire feed 


10-—Self-contained gun in production use for the welding of box 
sections in aluminium alloy (Courtesy E. C. Payter & Co. Ltd.) 


unit can be used. The choice of equipment will, there- 
fore, depend upon the accessibility and manoeuvre- 
ability required for the work on which it is to be used, 
and the relative importance of the lower capital cost 
of the one machine and the lower consumable costs of 
the other. 

The power-source requirements, however, are rather 
more restricted, for, though thin wires can be used 


Self-contained equipment in use for the positional welding of magnesium alloy diesel-electric locomotive 


roofs. (Courtesy Robert Stephenson & Hawthorns Limited) 
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with standard drooping characteristic power sources 
to weld lighter gauges of plate than has hitherto been 
possible with this process, the welding of sheet thinner 
than 16 s.w.g. and the positional welding of thick plate 
requires the use of a dip transfer arc and, therefore, a 
slope-controlled or similar type of power source. 

The use of a slope-controlled power source enables 
joints to be welded in plate thicknesses down to 20 
s.W.g., and even thinner on some joints, using welding 
currents as low as 40 amp. The high welding speeds 
and low heat input combine to minimize distortion, 
particularly when compared with oxy-acetylene weld- 
ing. An inherent feature of dip transfer arcs is the 
extremely good control of both the weld pool and the 
degree of penetration, so that exceptionally large 
variations in fit-up can be tolerated. 

To maintain efficient dip transfer it is necessary to 
keep the electrical resistance (/*RT) heating of the 
electrode to a minimum. Therefore, the operator must 
ensure that the electrode is making good contact with 
the end of the copper guide tube, and he must also 
reduce the ‘stick out’ of the electrode to a minimum 
by keeping the torch or gun as close to the workpiece 
as is practicable. The distance of the torch tip from the 
workpiece should never exceed in. if best results are 
to be obtained. If /*RT heating effects are excessive, 
the maintenance of a dip transfer arc will become 
difficult if not impossible, particularly when welding 
in the vertical of positions; for, as the 
temperature of the electrode feeding into the weld 


pool tip becomes increasingly plastic, so 


overhead 


rises, the 
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al joints in thin aluminium sheet 


producing large droplets of metal which, in turn, cause 
spatter and ultimately become uncontrollable. If dip 
transfer is maintained, a high degree of skill is not 
called for and little experience of the process is neces- 
sary to produce fully acceptable welds in all positions. 

Although wires are available in sizes ranging 
from 0-020 in. dia. upwards, and the thicker wires are 
somewhat cheaper, it may, for some applications, be 
advantageous to use the thinnest wire capable of 
carrying the requisite current for the joint to be welded 
This will be apparent from Fig. 14, which shows 
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14. -Rativ of metal deposition to current for various sizes of mild 
(Note: this ratio is influenced hy 
electrode wire beyond the contact tip) 
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15— 4a) Face and (b) reverse sides of a % in. vertical butt joint in 
mild steel welded in two passes with pipe welding technique 


deposition rates for a range of wire sizes. For instance, 
at a current of 150 amp, a & in. dia. electrode will 
deposit 4-4 Ib per arc hour, whilst with sy in. dia. wire, 
the deposition rate will rise to a little over 5-3 Ib, an 
increase of some 21°. This increase in deposition rate 
for the smaller diameter wire may be of more impor- 
tance than, and outweigh, the higher material costs. 

The most versatile wire diameter for dip transfer 
techniques is 4 in. For while with this size of wire it is 
not too difficult to produce fillet welds in 20 s.w-g. 
sheet, both downhand and in position, at speeds up to 
36 in./min using currents of about 95 amp at 17 V, the 
same size of wire is also suitable for the positional 
welding of quite heavy sections at currents up to 
160 amp or more, with deposition rates of over 5 lb/hr. 
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Gas mixtures 


In experiments conducted with varying gas mix- 
tures, including argon, CO,, and oxygen, it has been 
found that a mixture can give some interesting advan- 
tages when used as a shielding gas instead of pure CO, 
The wetting action of the molten metal is improved, 
giving a smoother weld contour and sometimes en- 
abling higher welding speeds to be used 


Positional welding 


Gas-shielded metal-arcs may now be used to weld 
mild steel in all positions. With dip transfer the total 
heat input is considerably reduced and therefore the 
weld pool is kept small enough to be easily control- 
lable, the metal freezing very rapidly with no tendency 
to drop. Using in. electrodes and currents as high 
as 200 amp, vertical butts in heavy plate have been 
welded with deposition rates greater than 5 Ib/hr. 
Although some sizes of coated electrode might be 
expected to give a deposition rate equa! to this, it must 
be remembered that only a small electrode can be used 
in the root, whereas little reduction of current is 
required for the root pass when using gas-shielded bare 
wire and dip transfer. 

In addition, with the low-power arc and quick 
freezing associated with dip transfer, wide variations 
of fit-up may be tolerated, and gaps of up to #% in. can 
be easily bridged in vertical joints by the deposition of 
a root pass in the upwards direction. Alternatively, if 
the fit-up is good, the root pass may be deposited with 
a downward technique to obtain a faster travel speed. 
Succeeding passes are normally deposited with a 
triangular weave in the upwards direction, this method 
giving easy control of the weld pool and a smooth 
regular surface appearance. 

Mild steel pipes of 2 in. wall thickness can be posi- 
tionally welded in two passes, at currents up to 140 
amp at 20 V, to produce welds with regular penetra- 
tration beads and adequate reinforcement, at weld 
speeds of less than 5 min/ft of completed weld. 


Face and reverse bends, and transverse tensile test piece taken 
from the weld shown in Fig. 15a 
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Figure 15 shows the face and reverse sides of § in 
plates prepared as a single-V butt of 60° included angle 
with ,& in. root face and , in. root gap, welded in the 
vertical position in two passes as for a pipe weld. Of 
interest is the smooth regular penetration bead ob- 
tained with the first pass and the adequate, yet neat 
and finely rippled, reinforcement obtained with the 
second and final pass. Figure 16 shows tensile, face 
bend, and reverse bend specimens taken from this 
weld; neither face nor reverse bend shows sign of 
cracking or tearing 

All-weld-metal tensile test bars to BS. 639 have been 
taken from welds made in the vertical position using 
4; in. wire with dip transfer techniques. These test bars 
gave satisfactory elongation, tensile and reduction in 
area values, with a cup and cone fracture. 

Figure 17 shows a macrograph of a section taken 
from a § in. single-V close-butt with in. root face, 
welded in the vertical position in three passes, and 
back chipped and sealed on the reverse side with a 
fourth and final pass. 


Welding of thin plate 


Of greater interest to the sheet metal industry will 
be the welding speeds obtainable for various joints 
such as corners, laps, fillets, and butts in light gauge 
material. These thinner sections, which have hitherto 
been below the range weldable by gny semi-automatic 
process, are now not only weldable in all positions, but 
in addition, a considerable increase in travel speed is 
usual and less skill is required than for any of the 


18 Sheet-metal pressing welded to tubular 
front axle 
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17-—Macrograph of vertical butt joint 
in & in. thick mild steel 


s 


Table Il 


Weld data for representative joints in thin M.S. sheet 
using 4 in. dia. wire and CO, shielding 





Thickness, 
vWwig 


Current, irc Travel Speed, 
Joint amp Voltage in./min 
Fillet 20 95 18 6 
Lap 20 95 18 40 
Corner 20 65 17 28 
Fillet 16 100 19 %6 
Lap 16 100 19 40 
Corner 16 80 18 26 
Butt 16 80 19 20 
Fillet 14 150 20 30 
Corner 14 150 20 % 





methods now in common use. Table II shows a range 
of typical welding conditions for different joints in 
thin material. 

Typical commercial applications of the process are 
shown in Figs. 18-20. The water-cooled torch 1s 
shown making a vertical butt weld in Fig. 21 


Stainless Steel and Copper 


The welding of light gauge stainless materials has, 
until the development of thin wire and short-circuiting 
arcs, presented some difficulties. This is particularly 
true of fillet welds, although considerable success has 
been achieved in the butt welding of very thin sections 
with the tungsten-are (Tig) process. 
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19.-Pressed sections in thin sheet welded 


together to form vehicle front axle 


20—Milk churn components circumferentiall\ 
welded with thin wire 


The use of short-circuiting arcs however, makes 
possible the welding of all the common joint configura- 
tions in all positions in thicknesses down to and in- 
cluding 20 s.w.g.; the welds are produced at high 
welding speeds and with the least amount of distortion. 

The techniques used are almost identical with those 
for mild steel, except that a slightly lower current is 
needed. Typical joints in 16 s.w.g. sheet are shown in 
Fig. 22. 

Heavy stainless sections may be welded in position 
with dip transfer arcs, but the maximum current per- 
missible is somewhat lower than for mild steel. 
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FINE WIRE WELDING 


21—Water-cooled thin wire torch in use for a vertical butt weld 


Gas-shielded thin wires have been used to produce 
satisfactory welds in light gauge copper sheet, and it 
can be foreseen that future developments will make 
the welding of this material by the use of short 
circuiting arcs of importance to some seetions of 
industry for the fabrication of chemical vessels, food 
containers, and hot water cylinders. 


Economic Considerations 


The new techniques of fine wire welding together 
with the use of a short-circuiting are offer an 


Table Ill 
Comparative Welding Costs 





Welding speed, 


Joint Process in./min 


Labour and 
Overheads at 
334°, Duty Cycle,* 
pence 


Total Cost 
per Foot, 
pence 


Cost of 
Consumables, 
pence 


16 s.w.g. butt 
weld in mild steel 


4 in. corner weld 
in pure aluminium 


? in. vertical 
butt joint in 
mild steel 


Gas welding 
Thin wire welding 


Argonarc 
Thin wire welding 


Manual covered 
Electrode 
Thin wire welding 


0-56 22:5 2 


0-8 


1-6 
3-4 


16°8 


44 


6°8 
11-2 
3-8 


VY 





* Labour at 6s. 3d. per hour; overheads 200° 


, of labour cost 
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22—Typical joints in 16 s.w.g. stainless sheet 


alternative welding process to established methods in 
several applications. In the sheet steel range of 20 to 
16 s.w.g. the process competes with gas welding; in the 
thicker steel range, particularly for positional welding, 
the process competes with manual electrode welding: 
in the welding of thin aluminium alloys and stainless 
steel the process competes with argonarc welding 

The new thin wire techniques show technical advan- 
tages over the existing processes in the form of reduced 


distortion, improved performance on a wider range of 


joints such as fillet welds, and reduced operator skill 
These advantages, however, will not be acceptable 
unless they are obtained at a reasonable overall weld- 
ing cost 

The fine wire process uses wire that is more expen- 
sive than the larger diameter wires used with the other 


REFE 


1959. vol 


1958. vol. 5 


processes, but the amounts consumed are small and 
extra cost is readily offset by the reduction in labour 
cost resulting from the higher welding speeds 

Table IIl shows a cost comparison on individual 
joints with good fit-up made by alternative processes. 
It must be recognized that these estimates may vary 
appreciably from actual production costs because of 
the wide variations in fit-up that may occur, particu- 
larly with thin materials, and the influence which these 
have on welding speed and wire usage 
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Relationship between Microstructure 


and Mechanical Properties 
of Mild Steel Weld Deposits 


Optical and electron-microscope studies have been made of the 

structures of mild steel welds deposit by metal-arc, argonarc, atomic 

hydrogen, and oxy-acetylene processes, to determine the relationship 

between structure and mechanical properties. The effect of varying pre- 

heat temperature on metal arc weld deposits of mild steel has also been 
By examined and the structures of these have been related to the mechani- 
cal properties. 

Differences in structure, mainly in grain size, result from the varia- 
tions in heat input and rate of cooling provided by the different pro- 
cesses, and by the different preheat temperatures, and it is evident that 
correct control of these variables can result in tensile properties of 
30-40 tons/sq.in. U.T.S. and yield/tensile ratios of 0-6-0-8. 

With faster cooling in the deposits or low-temperature pre-heats 
there was a fine precipitate of Fe,O,, which probably arises from the 
oxygen content of the weld metal. This precipitate slightly increases 
tensile properties but would probably have a more pronounced effect 
on ductility and notch-toughness. 


K. J. Irvine, B.SC., PH.D.. 
and 
F. B. Pickering, A.MET., A.1.M. 


likely that these different cooling conditions were 
producing different microstructures with varying 


ent welding processes have different mechanical 


[ is well known that weld metals deposited by differ- 


properties. Generally, with oxy-acetylene or atomic 
hydrogen welding, the tensile strength and Y.P./T-S. 


ratio for mild steel containing up to 14°, Mn are 
quite low and, in fact, the properties are similar to 


those obtained by normalizing wrought material of 


the same composition (i.e., 28-32 tons/sq.in. U.T.S.. 
and 15-18 tons/sq.in. yield point). On the other hand, 
a similar steel welded by the electric are or argonarc 
processes has a considerably higher tensile strength and 
Y.P./T.S. ratio: the tensile properties produced in a 
low-carbon 1}°, Mn weld metal deposited by the 
metal-arc process can be as high as 40 tons/sq.in. 
U.T.S. and 28-30 tons/sq.in. proof stress. 

There are important differences between these 
welding processes, particularly in regard to the heat 
input, which controls the rate of cooling and sub- 
sequent tempering of the weld deposit, and it seemed 


mechanical properties. It was decided therefore to 
examine the structure and properties of mild steel 
weld metals containing 4-14° Mn, using different 
welding techniques as well as a variation in the pre- 
heat temperature. 


Preparation of Weld Deposits 


In the first part of the investigation, weld deposits 
were made using the metal-arc, argonarc, atomic 
hydrogen and oxy-acetylene welding processes. These 
weld deposits were produced in a mould of mild steel 
Manuscript received 14th January 1960. 
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Vicrostructures of metal-arc weld metal (b) 


plate which had been ‘buttered’ with the appropriate 
weld metal. For metal-arc welding, 10 s.w.g. electrodes 
were used, whilst for the argonarc welding, a mild steel 
filler wire was used. For the atomic hydrogen welds the 


filler was also a mild steel wire, and for oxy-acetylene 
welding a 14% Mn, 0-1°% C mild steel rod. The 
analyses of these weld metals were: 


Element, Metal-ar« 
¢ 0-064 
Mn 1-40 
Si 0-60 
S 0-018 
P 0-018 
Ni 0-08 
Cr trace 
Mo trace 
Cu 0-31 
N (sol) 0-005 
N (insol) 0-005 


Atomic hydrogen 
0-065 0-1 (approx. ) 
1-42 0-63 

0-06 0-3 

0-039 0-018 

0-029 0-020 

0-15 0-13 

trace 0-023 

trace 0-023 

0-013 0-14 

0-020 0-023 

0-004 nil 


{rgonarc 


It was not possible to produce sufficiently sound welds 
by the oxy-acetylene process to determine mechanical 
properties, but it was possible to examine the structure. 
The metal-arc and argonarc processes produced very 
similar compositions, the only major difference being 
the higher silicon content in the metal-arc weld. The 
atomic hydrogen weld has lower Mn and rather 
variable ( 

For the second stage of the investigation weld 
deposits were made with a preheat temperature of 
between 20° and 800°C., using mild steel weld metals 
containing approx. 0-6°,, 0-9°, and 4 Mn, laid 
down by the electric-arc process. Multi-run weld 
deposits were made in a mild steel mould, which 
again was buttered to prevent metal pick up. Elec- 
trodes of 8 s.w.g. were used for the low preheat welds, 
and 4 s.w.g. for the higher temperatures. Preheat 
temperatures of 20°, 200°, 400°, 600°, and 800°C. were 
used, and these were controlled by means of tempera- 
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ture-indicating crayons. With preheat tempevatures of 
20° and 200°C. the welds were made by the stringer- 
bead technique, and between each weld run the surface 
of the metal was cleaned free from slag and the 
deposit was allowed to cool down to the required 
preheat temperature. With preheats of 400 -800°C. 
the weaving technique was used and, once again, the 
surface was cleaned free from slag between each weld 
run. Each weld deposit was about 10 in. long, and on 
the surface of each deposit a flat was ground and a 
final weld run was made using the appropriate pre- 
heat temperature. This was done to show the effect of 
preheat on the structure of a single weld run and its 
heat-affected zone. The analyses of the weld deposits 
made by using the three chosen electrodes were: 


u eld 
Deposit ¢ Mn Si S P 
A 0:045 0-65 0-45 0-019 0-015 
B 0:040 0-91 0-57 0-019 0-016 
( 0-043 1:21 0-60 0-033 0-026 


Nisol) Ntinsol) 
0-019 nil 
0-026 00-0005 
0-018 nil 


These analyses are generally very similar, apart 
from the required variation in Mn. After deposition, 
the weld deposits were cut out of the moulds and 
examined radiographically. They were all found to be 
satisfactory, and tensile specimens were machined 
from each of the welds. Sections were taken from both 
the tensile test pieces and from the cross-section of the 
whole weld deposit for metallographic examination. 
Electron microscopical examinations were also carried 
out using carbon-extraction replicas. 


Experimental Results 
Effect of varying welding techniques 
The tensile properties of the metal-arc, argonarc. 
and atomic hydrogen welds using no preheat were: 





IRVINE 


KS yt + hp 
b aA 


4 


Atomic 
Hydrogen 
31-4 


Metal-arc 
36°8 
32-7 


30-6 


Prope rties 
Tensile strength 
Upper yield point 
Lower yield point 
0-2°., proof stress 
0-1°,, proof stress 
0-05 °,, proof stress 
0-02°, proof stress 
Limit of Prop. 
Elong. on 2 in., 
Red. in area, °, 
Ratio U.Y.P.'T.S. or 

0-2% P.S./T.S 


Argonar¢ 
32-0 
25-0 
23-7 

19-4 
19-0 
18-9 
18-9 
16°4 
23:5 
38-0 


tons sq.in 


28-3 
oy 36:4 

17-0 

0-82 


0-78 0-62 


The metal-arc weld has higher tensile and proof 
strength than the argonarc weld which, in turn, is 
stronger than the atomic hydrogen weld. It is the 
atomic hydrogen weld strength that is typical of 
wrought steel of this composition. The microstructures 
of the tensile specimens were examined using both 


optical and electron microscopes, and the main 
structural features were as follows. 

In the metal-arc weld the structure was fine grained 
and mainly consisted of polygonal ferrite (Fig. 1a). 
Under the electron microscope the fine-grained ferrite 
showed a heavy precipitate of small spherical particles 
(Fig. 14). The intensity of this matrix precipitate in the 
ferrite varied throughout the weld deposit owing to the 
slightly different conditions in the various layers of the 
multi-run specimen. 

In the argonarc weld metal a similar fine grain size 
was Observed (Fig. 2a) but it was slightly coarser than 
in the metal-arc deposit. Once again, there was a fine 
matrix precipitate of small spherical particles in the 
ferrite, but the precipitates were probably slightly 
larger than in the metal-arc weld deposit (Fig. 25). 
In the atomic hydrogen weld the structure was typical 
of mild steel in the normalized condition, consisting of 
ferrite and pearlite, and the ferrite grain size was con- 


2— Microstructures of argonarc weld metal (b) 
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siderably coarser than that obtained in either of the 
two previous deposits. There was a considerable 
variation in microstructure throughout the weld 
mainly because of segregation in carbon; the electron 
micrographs showed that there were no fine precipi- 
tated particles in the matrix (Fig. 3). In the oxy-acety- 
lene weld metal it was impossible to obtain a tensile 
specimen of sufficient soundness to make the results 
significant, but the microstructures showed very 


3— Microstructure of atomic hydrogen weld metal 
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similar effects to those in the atomic hydrogen weld 
Once again, there was no precipitate within the 
ferrite (Fig. 4). An attempt was made to identify the 
matrix precipitate by electron diffraction but, whilst 
some diffraction patterns were obtained, they were 
not readily identified. However, when these results 
are taken in conjunction with those described later, 
it seems likely that this precipitate is Fe,Q,. 

There appeared to be two microstructural features 
which could explain the differences in mechanical 
properties in these weld deposits. These were the 
variation in ferrite grain size and the presence of the 
matrix precipitate of Fe,O,. The relationships be- 
tween mechanical properties and grain size are: 


Tensile Ratio 
Strength, U.Y.P.T.S 
fons sq.in or 
P.S./T.S 
0-82 
0-78 
0-62 


Grain 
Size, 
in 10 


Process Upper 
Yield 
Point 


tons sq.in 0-2 
Metal-arc 
Argonarc 
Atomic 
Hydrogen 


32-7 
25-0 
19-4 

(0-2 P.S.) 

< 40 


o 
~ 


v 


ought steels 


AF 0-8 


Relationship between grain size and yield strength 
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These results show clearly that the yield point in- 
creases with decreasing grain size. This is expected 
because there is an established relationship between 
the yield point and a factor |/\/D where D is the 
grain diameter. 

This relationship for the weld metals used is shown 
in Fig. 5; it is a straight line relationship. From other 
work on wrought fine-grain steels there are results 
available relating yield point to grain size, and these 
are also included in Fig. 5. The results obtained from 


the weld metals agree well with the wrought steels, so 
supporting the argument that the grain size is the 
major controlling factor in producing variable proper- 
ties in weld deposits. It was not possible at this stage 
to assess the effect of the fine matrix precipitate. 


Effect of varying preheat temperature 

A detailed examination was made of the structure of 
each of the weld deposits made with the three different 
Mn levels and with preheat temperatures between 20 
and 800 C. The optical microstructures were very 
similar in general character for each manganese level, 
so that the following description applies to each. 

The microstructure of the weld deposit is shown in 
Fig. 6. The as-deposited weld metal in the final run 
made on top of the main mass of the deposit showed a 
columnar structure, consisting of polygonal ferrite at 
the prior austenite grain boundaries, with a matrix 
of bainite. With increasing preheat temperature the 
columnarity of the structure decreased, the amount of 
polygonal ferrite increased, and the bainitic structure 
began to show more carbides instead of the martensite 
that was usually observed at low preheat temperatures 
(Fig. 7). Figure 6 shows that, at preheat temperatures 
up to 200°C., the heat-affected zone produced by each 
weld run had not completely overlapped the others, so 
that regions of unrefined (although tempered) weld 
metal occurred throughout the deposit. The heat- 
affected zones beneath the weld runs showed that 
increasing the preheat temperature increased the grain 
size of the ferrite, and at preheat temperatures above 
600°C. pearlite had re-formed in the structure. It was 
clearly observed that at preheat temperatures of 
400 C. and higher the structure of the main mass of 
weld deposit consisted entirely of metal which had 
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Quantitative metallographic results 
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been reheated sufficiently to be recrystallized, so that 
the structure was fairly uniform. Typical structures in 
the centre of these weld deposits are shown in Figs. 8 
and 9 (taken from tensile specimens machined from 
these welds). The grain size of the structure increased 
as the preheat temperature was increased until, at a 
temperature of 800°C., the whole structure had 


obviously been fairly slowly cooled from a tempera- 
ture well above the Ac, point (equivalent to the cool- 
ing rate of 2 in. plate) (Fig. 8). But excessive grain 
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growth had not occurred, even at positions close to 
the weld in the heat-affected zone, probably owing to 
the short time at high temperatures. At the lower pre- 
heat temperatures of 20° and 200°C. there were con- 
siderable amounts of unrefined weld metal in the 
structure which had, however, been tempered (Fig. 9). 
Details of the quantitative metallography and grain- 
size measurements of these structures are given in 
Table I, and show that, as the preheat temperatures 
increased up to 800°C., the average grain size of the 


6— Effect of preheat temperature on structures of weld deposits B 


(b) 200°C. 


(d)600°C. 
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(c) 400 ¢ 


+ 


ferrite in the specimens tended to increase; the grain 
size was also finer in the higher manganese deposits. 
Electron micrographs were obtained from both the 
as-deposited weld bead and the heat-affected zones in 
the tensile specimens, and are shown in Figs 10 and 11. 
In the weld beads (Fig. 10) the bainitic structure was 
clearly visible (Fig. 10a), and in the figure the acicular 
nature of the bainitic ferrite plates can be seen to- 
gether with the entrapped martensite, or carbide 
aggregates at the higher preheat temperatures. Al- 
though there was some roughening of the structure by 


the etching reagent, there were no obvious signs of 


precipitates in the as-deposited weld metal (Fig. 10), 
unless this roughening is taken as evidence of a pre- 
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Effect of preheat temperature on structure of weld bead (deposit B) 


precipitation stage. Occasionally, however, there were 
rows of small precipitated particles at the prior 
austenite grain boundaries, and throughout the whole 
of the structure there were fairly large spherical non- 
metallic inclusions. The structures of the main weld 
deposits (and hence those of the tensile specimens) 
were very similar, and showed that with a 20°C. pre- 
heat a fine general precipitation was often visible. This 
increased very markedly in amount when a preheat 
temperature of 200°C. was used (Fig. 11). Preheating 
at 400°C. caused the precipitate to coarsen consider- 
ably, and sometimes to be absent altogether. Simi- 
larly, no precipitation effects were observed using pre- 
heat temperatures of 600° and 800°C. (Fig. 11). The 
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8—Effect of preheat temperature on structures of tensile speci- 
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variations in grain size were also clearly shown up by 
the electron micrographs, and at preheat tempera- 
tures above 600°C. pearlitic carbide was re-formed. 
This indicated that with these preheat temperatures 
each weld run tended to raise the main mass of the 
weld deposit to a temperature above the critical range. 


Table ll 
Mechanical properties 





u eld Deposit 


Preheat, Temp, °C 20 200 
5:4 


Ss 
7.9 


Tensile strength . 
Upper yield stress 
Lower yield stress 
0-2", proof stress 
0-1", proof stress | 
0-05“, proof stress | 
0-02", proof stress “ 
Elong. on 4,/A, ° 
Red. in Area, °, 
Ratio L.Y.P.T.S 


| 
| 
| 


tons/sq.in 


2<.2 
35°35 


76°3 


29-9 
70:8 
0-88 


0-86 


B 








800 


400 600 800 


29-0 29 38-2 28-9 
25:1 23- 

23-0 21- 

19-8 
19-8 
19-8 
19-3 
29-8 
40:0 
0:73 


27:0 


19-4 
19°] 
19-0 
19-0 
23-4 34: 42°5 43-4 42:7 
51-2 72:0 75:2 763 69-6 
090 086 080 0-74 0-67 


33-7 

33-7 

33-6 

32-5 
20°8 25-4 40°6 . 
40-0 54-4 77-4 ° 7 
0-89 0-89 0-78 ° 


36°7 
65:6 


0-79 


41-4 
72-0 


0-72 


6°3 
0-69 











BRITISH WELDING JOURNAL, MAY 1960 


(d) 600 ¢ (e) 800 € 


Effect of preheat temperature on structures of tensile specimens (deposit B) 


» Ya)— Unrefined structures in weld deposits A with 20 C. pre- 
heat 
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9(b)— Unrefined structures in weld deposits A with 200°C, 
preheat 


(a) (b) (c) 
ad rp es B): (a) 20 eS ee es a. melee The precipitates were identified by means of electron 
< 3000; (c) 600°C. preheat, 3000; (d) 600°C. preheat, diffraction patterns produced from the carbon extrac- 
« 15,000 tion replicas. Although these patterns were difficult to 
interpret, it was concluded that in most cases the 
precipitating phase was a spinel, most probably of the 
Fe,O, type. 

Hardness surveys were carried out from the top of 
the weld pad, downwards through the heat-affected 
zones, and into the general weld deposit. They showed 
that as the preheat temperature increased, so the hard- 
ness, not only of the initial weld deposit but also of the 
heat-affected zone, decreased (Fig. 12). At low pre- 
heat temperatures, however, peaks in the hardness were 
observed at the different positions in the weld deposit 
at which the hardness traverse crossed regions of un- 
refined bainitic weld metal. Although these zones had 
not been re-heated sufficiently to cause re-crystalliza- 
tion they had obviously been tempered, for their hard- 
ness never reached that of the initial weld metal. This 
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Electron micrographs of structure 
of tensile specimens showing effect of 
varying preheat (deposit B):(a) 20 € 

« 3000; (b) 20°C., «15,000; (c) 
200°C., « 3000; (d) 200°C. = 15,000; 
(e) 400°C., 3000; (f) 490 C., 
«15,000; (g) 600°C., ~ 3000: th) 
800°C., ~ 3000 
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2— Hardness distribution throughout weld deposits (arrows indicate peak hardness where traverse crossed unrefined 


weld metal): (a) Weld deposit A; (b) deposit B; (c) deposit C 


decrease in hardness with increasing preheat tempera- 
ture is clearly related to the increasing grain size of the 
re-crystallized metal and to the increased tempering of 
metal which had not been re-crystallized. 

The tensile properties of the weld metals are given in 
Table II and are plotted as a function of the preheat 
temperature in Fig. 13. The results show that the 
tensile properties closely follow the indications of the 
hardness results. As the preheat temperature increases 
the tensile strength, yield point, and Y.P./T.S. ratio 
all fall, and there is an associated increase in ductility. 
There was a slight increase in strength in the higher 
manganese deposits, but this effect was very small 
compared with the effect of preheat. 

Once again, in these welds the major microstructural 
feature was the difference in grain size produced by the 
different welding conditions, and there is a clear 
relationship between the grain size and the mechanical 
properties as indicated by the results given in Table I. 
It is usual to express the grain size as a factor 1///G 
and when this is done a relationship with mechanical 
properties can be obtained as shown in Fig. 14. There 
are noW many more results than were available for 
Fig. 5 and the relationship is no longer a straight line: 
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yet the departure is mainly to give higher tensile 
strengths for the finer grain sizes, and it is possible 
that this is due to the fine matrix precipitate of Fe,O,. 

It is useful at this stage to discuss this matrix 
precipitate in more detail. Its occurrence can be sum- 
marized as follows. There was no precipitate visible in 
the single-run weld metal, although roughening per- 
haps indicated a pre-precipitation stage. There was a 
precipitate visible in the heat-atfected zones, using 
preheat temperatures of 20° and 200°C., and these had 
been tempered only at a sub-critical temperature. The 
precipitate was also visible in those parts of the heat- 
affected zones where recrystallization had occurred. 
The diameter of the precipitate was approx. 100 
400 A. The precipitates became coarser and fewer 
with a preheat temperature of 400°C., and with pre- 
heat above 600°C. there was no precipitate visible. 
Since the tentative identification of the precipitate is 
Fe,O,, it seems likely that this results from the high 
oxygen content of the weld metal. Observed oxygen 
contents in metal-arc deposits range from 0-05 to 
0-2°,, and these are above the solubility for oxygen in 
ferrite. Since the weld metai is cooled extremely 
rapidly, this oxygen is retained in supersaturated 
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13—Effect of preheat temperature on mechanical properties: (a) Weld deposit A; (b) deposit B; (c) deposit C 
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14—-Relationship between grain size and mechanical strength 


solution but precipitates readily when a subsequent 
weld run re-heats the weld deposit. It seems likely that 
this precipitation occurs below 560°C., which is the 
temperature below which FeO breaks down to Fe,O,. 
With the greater heating effect of a 400°C. preheat this 
precipitate becomes quite coarse. The likely explana- 
tion why no precipitate of either FeO or Fe,O, is 
observed with very high preheat temperatures (i.€., 
above 600 C.) is that the rate of solidification of the 
weld metal is so decreased that the slag has more time 
to complete the deoxidation process, and there is in- 
sufficient oxygen left in the weld metal to precipitate. 
When the results of both parts of this work are 
taken in conjunction, it is possible to see why it is 
that weld deposits made by different welding processes 
have different mechanical properties. Processes that 
produce a rapid rate of cooling deposit weld metal 
with a fine grain size, and if subsequent weld runs 
temper the previously deposited metal there will also 
be a fine precipitate of Fe,O,. It seems clear that the 
fine grain size has the major effect, but this fine precipi- 
tate may well be important where ductility and impact 
properties are concerned. These structures will be 
produced by metal-arc and argonarc welding, and a 
mild steel weld deposit may well have a tensile 


strength of 36-40 tons/sq.in. and a Y.P./T.S. ratio of 


0-8. In contrast, where the welding process has a high 
heat input, the rate of cooling is slow and a coarse 


grain size results with no precipitate of Fe,O,. This 
structure will be produced by atomic hydrogen and 
oxy-acetylene welding, and a mild steel deposit will 
have a tensile strength of approx. 30 tons/sq.in. with a 
proof ratio as low as 0-6. It should be emphasized, 
however, that by controlling the heat input from the 
welding process and also the preheat temperature it is 
possible to produce a weld deposit with tensile 
properties anywhere within the range 30-40 tons/sq.in. 
and a Y.P./T.S. ratio of 0-60—0-80. 


Summary and Conclusions 


An examination of the structure and mechanical 
properties of mild steel weld deposits made by various 
processes and using different preheat temperatures has 
led to the following conclusions: 

(1) Very different microstructures are produced in 
weld deposits made by different welding processes 
and, consequently, these have different mechanical 
properties. 

The main differences in the conditions associated 
with these welding processes are the heat input and 
rate of cooling. Metal-arc and argonarc deposits 
using little preheat have a rapid rate of cooling, 
whereas atomic hydrogen and oxy-acetylene weld 
deposits have a high heat input and slow rate of 
cooling. 

The major difference in microstructure is in the 
grain size. The faster cooling conditions produce 
much finer grain sizes and these fine grain structures 
have higher tensile strengths and higher Y.P./T.S. 
ratios. In fact, it is possible to obtain the expected 
relationship between yield point and 14 D where 
D is the grain diameter. 

Some of these faster cooled deposits have a fine 
matrix precipitate of Fe,O,. It was possible to 
study this precipitation by varying the preheat used 
in metal-are welding. No precipitation is observed 
in a single-run weld deposit with no preheat, but 
precipitation occurs when this deposit is tempered. 
Precipitation is obtained in weld deposits using 
preheat up to 400°C., but with higher preheat no 
precipitate is obtained. 

It is suggested that the precipitate forms because of 
the high oxygen content of the weld metal. Rapid 
cooling keeps this oxygen in supersaturated solu- 
tion, but precipitation can take place during 
tempering. With very slow cooling, however, the 
weld metal is more effectively deoxidized by the 
slag so there is no excess Oxygen to precipitate. 

(6) This oxide precipitate contributes slightly to in- 
creased tensile properties, but probably will have a 
more pronounced effect on the ductility and impact 
properties. 

(7) By correct control of heat input and cooling rate 
it is possible to produce weld properties with 
tensile properties anywhere within the range 30 
40 tons/sq.in. U.T.S. and 0-6-0-8 Y.P./T.S. ratio. 
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Flexural Fatigue Strength of Butt Welds 
in N.P. 5/6 Type Aluminium Alloy 





By J. L. Wood, B.Sc. (ENG.) 


A series of tests has been carried out to determine the behaviour in fatigue of 
butt-welded } in. thick BA.28 plate to specification NP.5/6 (BS.1477:1955) 
when subjected to alternating bending stresses applied in a direction transverse 
to that of welding. 

By comparison with results for the parent plate in the as-received condition, 
there is a 50° loss of fatigue strength in the as-welded condition; attributable 
in almost equal proportions to the annealed condition of the heat-affected zone 
and to the stress concentration effects at the edges of the weld bead. Removal of 
the bead raises the welded fatigue strength almost to that of the annealed parent 
plate. A similar improvement can be obtained by a thermal treatment applied 


to the as-welded plate. 


The presence of fine porosity in the weld metal does not affect fatigue strength 
in the as-welded condition, but it does prevent any improvement by removal of 


the bead. 


The effects of various mechanical treatments that might be used for correcting 
distortion after welding have also been considered. When the straightening 
operation causes some cold working of parent plate adjacent to the weld an 


increase in fatigue strength is noted. 


Comparison with butt welded mild steel shows a general similarity in be- 
haviour under flexural fatigue conditions but design factors currently applied 
in steel practice appear to require modification to allow for the greater notch 


sensitivity) 
briefly disc us sed. 


Introduction 


nique have resulted in a rapid increase in the use 

of welding for the jointing of aluminium alloys for 
structural applications. In the past ten years a great 
deal of research has been devoted to the improvement 
of joint efficiency, but apparently very little attention 
has been given to the effects of butt or fillet welding on 
fatigue properties, for a search of published data 
reveals only five articles dealing with this topic.’~® 

The object of the present work was to investigate the 
fatigue properties in reversed bending of a medium- 
strength aluminium alloy possessing good weldability 
and representative of the type of material now being 
widely used for structural, marine, and general 
engineering applications involving welding. Jointing 
and finishing conditions were required to be consistent 
with current commercial welding practice. BA.28 plate 
to specification NP.5/6 of BS.1477:1955, joined by the 
inert-gas metal-arc process (henceforth referred to as 
the Mig process) was selected to comply with the 
above conditions. Testing machine capacity limited the 


[ “niave have in weld quality and operational tech- 
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of the aluminium alloy. Some general design considerations are 


plate thickness to } in., and the applied test stress to a 
pure alternating form. 

The investigation was confined to butt welded 
joints, since published data for structural steels show 
that this is the least damaging type of welded con- 
nection,®:’? and there are sufficient data available*~'* 
to enable a comparison to be made between butt 
welded mild steel and the results of the present work. 

A preliminary consideration of the fatigue aspect of 
welding in aluminium shows four main factors that 
might be expected to influence the fatigue strength: 

(a) The annealed condition of the weld and adjacent plate 

material 

(b) The geometric stress-concentration effect of the change in 

section at the plate/weld juncture 

(c) The metallurgical notch effect of the change in metal 

structure at the plate; weld juncture 

(d) Residual internal stress arising from uneven cooling of 

the weldment. 


The first of these factors limits the maximum welded 
fatigue strength to that of the plate or weld metal in 
the fully softened condition. 

Stress concentrations are a primary cause of reduced 
fatigue strength in any method of jointing, and since 
aluminium alloys are regarded as being rather notch 
sensitive compared with mild steel it has been pre- 
dicted*®:’ that welded aluminium would suffer a rela- 
tively greater loss of fatigue strength than welded steel. 
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For welded joints 
parent plate and weld metal are nominally alike, any 
metallurgical effects would be expected to be of second 
order only 

Residual stresses might be expected to be tensile at 
the outer surfaces and therefore unfavourable in 
fatigue. The magnitude of residual stress that might 
result from welding is governed by welding conditions 
and the dimensions of the sections being welded.'® In 
the present instance, residual stress levels should be 
low because of the relatively small metal sections 
involved 
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in which the compositions of 


lable 


lest piece groups and preparations 





Group 


Designation Group 


PP 


PPA 


W 


Des« ription 
Parent plate 
(As-received) 
Parent plate 
(Annealed) 


As-welded 


Welded 
(Annealed) 
Welded 
(Machined flush) 


Welded 
(Ground flush) 


Welded (Ground 
flush and annealed) 
Welded 
(Quenched) 


Defective weld 


Defective weld 
(Ground flush) 
Welded 

(Hammer planished) 
Welded (Hammered 
and ground flush) 
Welded 

(Roll planished) 
Welded (Rolled and 
ground flush) 
Welded 

(Stretched) 

Welded (Stretched 
and ground flush) 


Preparation 
None—Mill finished sur- 
faces untouched 
As PP—Annealed at 325 ¢ 
for 30 min 
Butt welded 
treatment 


Butt welded 
325 ¢ 


No post-weld 


Annealed at 
for 30 min 

Butt welded—Weld beads 
removed by milling and fil- 
ing. Finally hand polished 
Butt welded — Weld beads 
removed by grinding and 
emery sanding 

As WG 
325 ¢ 
Butt welded—-Quenched in 
cold water from 500 € 

As W—General porosity 
evident on X-ray 

As WP— Beads removed by 
grinding and emery sanding 


Annealed at 
for 30 min 


Butt welded— Beads plan- 
ished by pneumatic hammer 
As WH 
grinding 


Beads removed by 


Butt welded— Beads plan- 
ished by rolling 

As WR—Beads removed by 
grinding 

Butt welded 
tudinal stretch 
As WE— Beads removed by 
grinding 


1-5", longi- 
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A further object of the present investigation was to 
test the foregoing hypothetical assumptions and to 
examine the effectiveness of various methods of 
restoring, what appears to be, the inevitable reduction 
in fatigue strength. The post-weld treatments used for 
this purpose consisted of: 

(a) Removal of the weld bead reinforcement 

(b) Relief of residual stress by annealing the weldment 

(c) Deliberate introduction of compressive residual stress by 
thermal treatment 

(d¢@) Hammer planishing of the weld bead, using flat-faced and 
round-nosed tools 

(e) Roll planishing of the weld bead 

(f) Longitudinal stretching of the weldment 


Table Ill 


Compositions of plate, filler wire, and weld metal 





Identity Constituents 

Cu Me Si Fe Mn ©) li 
(a) Nominal Composition (BS.1477:1955, NPS 6) 
Parent plate | 0-10 3-5-5:50-60 0-70 1-0 
Filler wire | max max max max 


0-50 0-20 
max max 
(b) Actual Compositions 

Parent plate* 0-02 
Filler wire* 0-03 
Weld metal* 0-01 


0-14 
0-11 
0°17 


0-28 
0-21 
0-26 


0-46 
0-15 
0-29 


0-14 
0-09 





* By quantitative analysis. * By spectrographic analysis 


Table IV 


Static mechanical properties 





0-]° 

Proof 

Srress, 
fons sq.in 
PP 8-66 19-0 
PPA 7°43 18-53 
W 7-05 18 
WA 7-50 18: 
WM |} 
WG | 
WGA eb 16 
WH 7-8 18 
WHG 18: 
WR 20: 
WRG : 19-9 
WE 8-97 18-70 
WEG 17-20 


Static 
Joint 
Efficiency 


Elong Location 
on 2 in., of 
Fracture 


Tensile 
Stress, 
fons sq.ain 


Test 
Group 


H.A.Z.+ 
Bead edge 


Weld 


Weld 
H.A.Z 
H.A.Z 
H.A.Z 
Bead edge 
H.A.Z 
Weld 


0-97 
0-98* 


35 16 0-88 


0-87* 
0-96 
0-97 


0-99 
0-91 





Jointed tensile strength 


Parent plate tensile strength 

* For annealed joints, the efficiency is related to the anneale: 
parent plate strength 

* H.A.Z. — Heat-affected zone 





Joint efficiency 


Table Il 


Welding procedure 





Single \ 


Back chipped t 


Included 
ingle in 


(a) Edge preparation (plate thickness } 


70 


Nil 


Root Face, Root Gap, 


Backing 4rc Volts Current, Wire Feed. Traverse, 


m amp im. mn nm. min 


in.) (b) Welding conditions 

Grooved 
steel 

Grooved 
steel 


Nil 245 


26 


Nil as 


230 





(i) Both passes made with 4 in. dia. NG.6 filler wire 
(ii) Welds made with manual Aircomatic equipment with mechanized traverse 
(iii) Work pieces aligned by tigging and clamping 





WOOD: FATIGUE STRENGTH OF ALUMINIUM BUTT WELDS 


1—Typical weld radiographs: (a) Sound; (b) defective (extensive 
Grade A porosity) 


Planishing and longitudinal stretching are useful 
methods of correcting distortion after welding. 

Finally, a brief examination of the effects of porosity 
in the weld was included 


Test Piece Preparation 


A total of sixteen groups of test pieces were pre- 
pared from } in. thick BA.28 plate according to the 
schedule set out in Table | 

The welded test pieces were cut from 21 in. long, 
6 in. wide plates butt jointed down the centre. The 
welds were all made in the same way, with edge 
preparations and welding conditions as given in 
Table Il. The nominal and actual chemical composi- 
tions of the parent plate and welding filler wire are 
given in Table III, with an assessment of the actual 
composition of the deposited weld metal. 

Each welded plate was radiographed, and the sec- 
tions to be cut into test pieces were chosen to exclude 
defective welds from fourteen of the groups. The two 
groups of porous weld test pieces were made up from 
such rejected material which contained porosity of the 
form described as “Extensive Fine’’'*® or “Extensive 
Grade A”’.'’ Typical radiographs of sound and porous 
weld deposits are shown in Figs. la and 1d. 

Grinding, planishing, and stretching operations were 
carried out on the plates before test pieces were cut 
from them. Typical weld macrosections appear in 
Fig. 2. Heat-treatment was carried out only on other- 
wise completed batches of test pieces. 

Tensile test pieces were included for thirteen groups. 
excluding the quenched and porous conditions. In the 
former case the tensile strength would not be sig- 
nificantly affected by heat treatment and Young'® has 
indicated that no reduction in tensile properties is 
caused by fine porosity 

Fatigue test pieces were made to the design shown in 4 Typical weld macro-sections: (a) Group W: (b) group WG; 
Fig. 3. To avoid stress gradients across the weld (c) group WH (round tool); (d) group WR 





366 


For welded joints, in which the compositions of 
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parent plate and weld metal are nominally alike, any 
metallurgical effects would be expected to be of second 


order 


only 


Residual stresses might be expected to be tensile at 


the 


outer 
fatigue 


surfaces and 


therefore 
The magnitude of residual stress that might 


unfavourable in 


result from welding is governed by welding conditions 
and the dimensions of the sections being welded.'® In 
the present instance. residual stress levels should be 
low because of the relatively small metal sections 
involved 


lable 


Test piece groups and preparations 





Group 


De 
PP 


PPA 


Ww 


WA 


WGA 


WO 


WP 


WPG 


WH 


WHG 


WR 


WRG 


Wwe 


ignation 


Group Description 
Parent plate 
(As-received) 
Parent plate 
(Annealed) 


As-welded 


Welded 
(Annealed) 
Welded 
(Machined flush) 


Welded 
(Ground flush) 


Welded (Ground 
flush and annealed) 
Welded 
(Quenched) 


Defective weld 


Defective weld 
(Ground flush) 
Welded 

(Hammer planished) 
Welded (Hammered 
and ground flush) 
Welded 

(Roll planished) 
Welded (Rolled and 
ground flush) 
Welded 

(Stretched) 

Welded (Stretched 
and ground flush) 


Preparation 
None— Mill finished sur- 
faces untouched 
As PP—Annealed at 325 ¢ 
for 30 min 


Butt welded 
treatment 


No post-weld 


Butt welded 
325 ¢ 


Annealed at 
for 30 min 

Butt welded—Weld beads 
removed by milling and fil- 
ing. Finally hand polished 
Butt welded—-Weld beads 
removed by grinding and 
emery sanding 


As WG 
325 ¢ 


Annealed at 
for 30 min 


Butt welded—Quenched in 
cold water from 500 € 

As W—General porosity 
evident on X-ray 

As WP— Beads removed by 
grinding and emery sanding 
Butt welded— Beads plan- 
shed by pneumatic hammer 
As WH 


grinding 


Beads removed by 


Butt welded— Beads plan- 
ished by rolling 

As WR—Beads removed by 
grinding 

Butt welded 
tudinal stretch 
As WE 
grinding 


15°, longi- 


Beads removed by 
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A further object of the present investigation was to 
test the foregoing hypothetical assumptions and to 
examine the effectiveness of various methods of 
restoring, what appears to be, the inevitable reduction 
in fatigue strength. The post-weld treatments used for 
this purpose consisted of: 

(a) Removal of the weld bead reinforcement 

(b) Relief of residual stress by annealing the weldment 

(c) Deliberate introduction of compressive residual stress by 
thermal treatment 

(¢d) Hammer planishing of the weld bead, using flat-faced and 
round-nosed tools 

(e) Roll planishing of the weld bead 

(f) Longitudinal stretching of the weldment 


lable Ill 


Compositions of plate, filler wire, and weld metal 





Identity Constituents 
Cu Ve Si Fe 

(a) Nominal Composition (BS.1477:1955, NPS 
Parent plate } 0-10 3-5-5-50-60 0-70 
Filler wire | max max max 


Un 
6) 

1-0 
max 


Ii 


0-50 0-20 
max max 


(6) Actual Compositions 

Parent plate* 0-02 
Filler wire* 0-03 
Weld metal* 0-01 


465 0-14 
4-7: 
4-7 


0-28 
0-21 
0 26 


0-46 
0-15 
0-29 


0-14 
0-11 0-09 


0-17 





* By quantitative analysis. * By spectrographic analysis 


Table IV 


Static mechanical properties 





Test 


Group 


0-]°. 

Proof 

Stress, 
fons sq.in 
PP 8-66 
PPA 7-43 
W 7-05 
WA 7-50 
WM | 15 
WG | 
WGA 
WH 
WHG 
WR 
WRG 
WE 
WEG 


Static 
Joint 
Efficiency 


Location 
of 


Fracture 


Elong 
on 2 in., 


Tensile 
Stress, 
fons sq.in 


19-0 
18-53 
18-36 
18-1 


75 


H.A.Z.? 


Bead edge 
Weld 


Weld 
H.A.Z 
H.A.Z 
H.A.Z 
Bead edge 
H.A.Z 
Weld 


0-97 
0-98* 


O-88 


0O-87* 
0-96 
0-97 


$4 
7-88 
40 
‘60 
“86 
97 
8-03 


‘10 
25 
-40 
20-5 
19-9 
18-70 
17-20 


0-99 
0-91 





Jointed tensile strength 


Parent plate tensile strength 

* For annealed joints, the efficiency is related to the anneale: 
parent plate strength 

* H.A.Z. — Heat-affected zone 





Joint efficiency 


lable Il 


Welding procedure 





Single \ 


Back chipped to 


Included 
ingle 


Root Face, 


m 


(a) Edge preparation (plate thickness } 


70 


Nil 


Root Gap, 


Backing Wire Feed. 


in, mun 


Arc Volts 


Traverse, 
in. min 


Current, 


in amp 


in.) (h) Welding conditions 

Grooved 
steel 

Grooved 
Steel 


Nil 26 


245 


Nil 25:5 


230 





i) Both passes made with 4 


in. dia. NG.6 filler wire 


(ii) Welds made with manual Aircomatic equipment with mechanized traverse 
(iii) Work pieces aligned by tigging and clamping 





WOOD: FATIGUE STRENGTH OF ALUMINIUM BUTT WELDS 


1— Typical weld radiographs: (a) Sound; (b) defective (extensive 
Grade A porosity) 


Planishing and longitudinal stretching are useful 
methods of correcting distortion after welding. 

Finally, a brief examination of the effects of porosity 
in the weld was included 


Test Piece Preparation 


A total of sixteen groups of test pieces were pre- 
pared from } in. thick BA.28 plate according to the 
schedule set out in Table I 

The welded test pieces were cut from 21 in. long, 
6 in. wide plates butt jointed down the centre. The 
welds were all made in the same way, with edge 
preparations and welding conditions as given in 
Table Il. The nominal and actual chemical composi- 
tions of the parent plate and welding filler wire are 
given in Table III, with an assessment of the actual 
composition of the deposited weld metal. 

Each welded plate was radiographed, and the sec- 
tions to be cut into test pieces were chosen to exclude 
defective welds from fourteen of the groups. The two 
groups of porous weld test pieces were made up from 
such rejected material which contained porosity of the 
form described as “Extensive Fine’’!® or “Extensive 
Grade A”.'’ Typical radiographs of sound and porous 
weld deposits are shown in Figs. la and 1b. 

Grinding, planishing, and stretching operations were 
carried out on the plates before test pieces were cut 
from them. Typical weld macrosections appear in 
Fig. 2. Heat-treatment was carried out only on other- 
wise completed batches of test pieces. 

Tensile test pieces were included for thirteen groups. 
excluding the quenched and porous conditions. In the 
former case the tensile strength would not be sig- 
nificantly affected by heat treatment and Young'® has 
indicated that no reduction in tensile properties is 
caused by fine porosity 

Fatigue test pieces were made to the design shownin 5 


2-—Typical weld macro-sections: (a) Group W; (b) group WG; 
Fig. 3. To avoid stress gradients across the weld (c) group WH (round tool); (a) group WR 
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Butt weld 


%5, dia. clamp 
bolt holes 

















3%, 
— 

Butt welded reversed bend test piece. (Edges between A and B 
polished to remove all machine marks) 


region, and also to allow for strain gauge calibration 
of the machines, a parallel centre section was in- 
corporated in the test piece. Comparative tests of 
parallel and waisted test pieces showed that shape had 
no significant effect upon the result. The test pieces 
were shaped by milling and finished by hand polishing 
the edges of the gauge length only with grade 500 
paper. Top and bottom surfaces were left in the con- 
ditions described in Table I. 

There is evidence'* to show that the effect of grain 
direction on the fatigue properties of aluminium alloys 
is negligible, but this is not confirmed very con- 
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(3 x full size) Actual weld outline 
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4—Variations in hardness across a butt welded region 


clusively and conflicting results have been obtained for 
steel.'? Generally, however, it is considered that such 
metallurgical effects are of a very small order com- 
pared with other factors arising during fabrication of 
the material.*° The effects of rolling direction were 
therefore ignored, and test pieces were made with the 
longitudinal axis lying both parallel and transverse to 
the rolling direction. The assumption was justified, 
since no significant difference in behaviour between the 
two directions was observed in the parent-plate 
groups. 


5—-S log N fatigue data for BA.28 alloy, showing effect of butt 
welding. (Alternating stress: R= —1) 
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10° 


ENDURANCE | cycles 





WOOD: FATIGUE STRENGTH OF ALUMINIUM BUTT WELDS 


SEMI-RANGE OF STRESS, tons/sq.in 


+ Group WA © Soft 
» = PPA @ «Herd } chee results 
~ WGA © 'n Herd 


~ Unbroken 


T 


It 


369 


N fatigue data for BA.28 alloy, showing effect of 
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7—S log N fatigue data for BA.28 alloy, showing effect of welding 
and quenching. (Alternating stress: R= —1) 
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Testing Procedure 


Tensile Test—The static strength values shown in 
Table IV were obtained from test pieces having a 
nominal } x } in. gauge section and 2 in. gauge length 
with the weld in the centre. 

Hardness Survey—A typical example of the varia- 
tions in hardness across an as-welded section is shown 
in Fig. 4. 

Fatigue Tests—Three Avery Type 3057 Reversed Bend 
machines, fitted with standard No. | dynamometer 
springs, were used for these tests. 


eS . T T 


10° 
ENDURANCE, cycles 


oe 
5x10’ 
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Static and dynamic calibrations of the machines were 
carried out before tests began. The former showed 
good agreement with the maker’s charts and the latter 
showed that within the range of test stresses required 
the applied stress range always lay within +-5°% of the 
nominal setting. The static calibration was extended 
to a maximum bending moment sufficient to give a 
maximum stress range of 24 tons/sq.in. in } in. thick 
plate. The resulting bending moment was almost 
double the recommended maximum for the machines, 
but the dynamometer characteristic remained sensibly 
linear; one machine has performed over one million 
cycles at the 24 tons/sq.in. range without trouble. 








BRITISH WELDING JOURNAL, MAY 1960 


tons/ sq in 


9EMI-RANGE OF STRESS 


~ Growp WH round too! 
- WH fet tool 
WHG 


. 


8—S log N fatigue data for BA.28 alloy, showing effect of post- 
weld straightening processes. (Alternating stress: R= —1) 
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9—5S)log N fatigue data for BA.28 alloy, showing effect of welding 
defects. (Alternating stress: R= —1) 
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A mean stress of zero was employed throughout, 


minimum stress 
giving a stress ratio R = — 
maximum stress 


The test speed was constant at 1500 cycles/sec. 

The fatigue test results are plotted in Figs. 5-9. 
Scatter bands are estimated for the three main groups 
in Fig. 5 and the results for the other groups are then 
compared with the lower edges of these scatter bands 
in Figs. 6-9. Figure 6 also includes check results from 
separate batches of material obtained to confirm the 


difference between the as-manufactured and annealed 
conditions. 


Examination of Fractured Test Pieces 


An automatic detector on the fatigue machine 
normally stops the test before complete fracture 
occurs. Specimens were thus recovered for examina- 
tion of surface condition at the point of crack initia- 
tion, direction of crack propagation, and micro- 
examination. This examination was concentrated 
mainly upon the welded and flush-dressed groups. 
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Table V 


Observed characteristics of weld bead and fracture in group W 
specimens 





Test Bead Edge Angle, degrees Endurance, 
Piece n 

l 2 3 4 
W 274D RS 40D RD 
Ww 424DS 10 DS 40D 10S 
Ww 20 D R 30 D R 
Ww 35 15 D 274DS 30 
WwW 7 374DS 25 D R R D 
W 8 200 D 11D 25 DS 25D 
Ww 20 D 274D 10S 10 D 
W 30D WwW 20 R 
W 20 DS 25D 2D 20 
W 45D 55D _ 124DS 10 DS 
Ww 35 DS 40 D 
W it nano 2 
Ww 274D 25D 
W 30D 33D 
W 40D 10 
W 324D = 274 
W 25 42iD 25 
W 2 40D wD 
Ww 45S D 35 
W 2 40 DS 308 
W 2 374D BOS 
W 40D 35D 
W 45D 50D 
W 20 DS RS 
Ww 30 R 
Ww 35 35 S$ 
W 35 25 25 $ 
Ww: 30 25 $8 
WwW 30 30S 


Fatigue 
Strength 
Ratio, F 

0-722 

0-714 

0-699 

0-665 

0-730 

0-711 

0-866 

0-590 

0-609 

0-634 

0-815 

0-804 

0-793 

0-669 

0-654 

0-702 

0-629 

0-739 

0-740 


119,700 
250,900 
676,700 
676,300 
147,600 
240,500 
7,697 800 
589,100 
793,400 
660,800 
R 189,300 
RD D 442,500 
R D ,538,100 
295,500 
94.300 
44,800 
731,400 
79,400 
29,900 
24,100 
26,100 
9,400 
11,200 
24,600 
23,700 
425,300 
101,900 
7,473,500 
3,107,300 


25D 
25D 

20 D 

25 D 

30 D 

40 D 

45 D 
424D 

35 D 

30 S 

45 DS 40S 
3D R 
RS 25 
30S 40 
2S 255 
1245S 10 


0-769 
0-869 
0-742 
0-718 





Angle positions are referred to Fig. 13 
D indicates occurrence and position of overlap defect 
S indicates occurrence and position of spatter 
R indicates radiused juncture 
Test stress giving endurance n 


Minimum PPA group fatigue strength at endurance 





Several welded test pieces were broken open to 
enable the flanks of the crack to be viewed. Figure 10 
shows five such specimens at different stages of crack 
development. 

Typical fracture position and propagation directions 
are shown diagrammatically for the three main groups 
in Fig. 11, with illustrations of actual fractures corre- 
sponding to positions 3, 4, and 5 in Fig. 12. 


An attempt was made to correlate the degree of 


reduction in fatigue strength with certain character- 
istics of the weld bead. The angle between a tangent to 
the weld bead and the plate surface at the juncture was 
assumed to be respresentative of the stress-concentra- 
tion factor at the change in section. This angle was 
measured at the juncture, including the major fatigue 
crack, for each test piece and is tabulated with mea- 
surements of the other three angles, arranged accord- 
ing to the notation of Fig. 13, in Table V. Observations 
of the occurrence of spatter and an overlap defect are 
included, together with the proportion of an optimum 
fatigue strength achieved by each test piece. 


Discussion of Results 
The curves shown in Figs. 5 and 6 confirm the 


hypothetical argument that the heat-affected zone 
adjacent to a weld, combined with stress raising 
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effects associated with the weld bead, causes a reduc- 
tion in fatigue strength. From the data available, these 
two effects can be assessed separately. 


As-welded condition 

Approximately half of the drop in fatigue strength 
in this condition is due to annealing of the material 
in the heat-affected zones. The extent of these 
zones is apparent from the results of the hardness 
survey shown in Fig. 4. The cast structure and 
composition of the deposited metal do not apparently 
influence the as-welded fatigue strength, for it was 
observed that the fatigue fracture was always initiated 
at the side of the weld bead; and that it propagated in a 
direction roughly normal to the plate surface, and 
therefore entirely through annealed wrought material. 
This typical behaviour is illustrated in Figs. 12a and 14. 

Examination of the welded specimens shows three 
characteristics, which singly or in combination could 
be responsible for the remainder of the drop in fatigue 
strength: 

(a) Change in section 

(b) Presence of spatter adhering to the surfaces of the heat- 

affected zone 

(c) Presence of an overlap defect at the bead edge. 

Consideration of the scatter band shown in Fig. 15 
indicates a small degree of correlation between the 
bead edge angle and the fatigue strength of a butt- 
welded joint. This is not confirmed by the observations 
listed in Table V, indicating that fracture occurred at 
the juncture, including the largest value of «, in only 
one-third of the total number of specimens examined. 
No instance was recorded of fracture occurring at the 
smallest angle or at a radiused juncture. Measure- 
ment of the angles was made by projecting an en- 
larged image of the test piece edge onto a ground glass 
screen and making a visual estimate of a tangent to the 
bead edge with the aid of a transparent protractor. The 
average of readings obtained from the two ends of a 
single juncture gave the values listed in Table V. It was 
found that considerable variation could occur be- 
tween the two readings, so that the average value may 
not be a fair estimate of the precise angle at the posi- 
tion at which fatigue failure began. Accurate determin- 
ation of the position of crack initiation was compli- 
cated by the frequent occurrence of multiple cracking, 
of the type illustrated in Figs. 165 and 17. This diffi- 
culty, combined with the simultaneous occurrence of 
spatter and overlap, probably accounts for the wide 
range of scatter in Fig. 15, and a conclusive correlation 
between the angle and fatigue strength cannot be 
expected under these circumstances. 

he effect of spatter has been included in compiling 
the observations given in Table V, where five cases of 
failure coinciding with spatter are recorded. In three 
of these, fracture has occurred away from the sharpest 
plate/bead juncture, and on this slender piece of 
evidence some small significance might be attached to 
the presence of spatter. 

The overlap defect consists of deposited metal 
spreading over the plate surface from the bead re- 
inforcement and only partially fused to the plate. The 
edge of the weld bead is, therefore, not necessarily 
coincident with the edge of the fused-metal zone. In 
section, the overlap appears as a string of very fine 
porosity (Fig. 144). In most cases the bead edge 
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10—Stages in crack development. (Complete failure ai 5) 


material is completely spongy and has a surface 
appearance as illustrated in Fig. l6a. The exposed 
pores were observed to exercise a strong influence 
upon the direction of crack propagation, probably by 
initiating many small cracks that eventually join up to 
form one large crack. This idea is supported by the 
large number of separate cracks apparent in Fig. 164 
(which is typical of the appearance of many of the 
welded specimens), and by the appearance of the crack 
flanks shown in Fig. 10. The steps formed as the small 
cracks overlap at the surface gradually disappear as 
the cracks penetrate into the metal, to give the char- 
acteristically smooth flank of the single fatigue crack 
Figure 16c is an enlarged view of a crack flank show- 
ing porous weld metal adhering to the plate and the 
coincidence of the crack with pores on the surface. 
Further consideration of Table V shows that in 
twenty-four instances out of twenty-nine, failure 
coincides with overlap. In only one instance does 


failure occur away from the edge possessing overlap. 
In the five cases where overlap was not observed, the 


fatigue crack, as seen from the surface, was for the 
greater part of its length entirely separated from the 
bead 

Coupled with the results obtained for the porous 
groups, this evidence suggests that porosity in the bead 
edges is of great significance in determining the fatigue 
strength of welded connections. The pores are too 
small to be detected by radiography and there is no 
significant correlation between overlap and spatter. 
Detection of the overlap defect is, therefore, largely 
dependent upon visual inspection of the weld surfaces. 

Confirmation of these observations by statistical 
analysis of the significance of each of the factors 
involved was not possible because of the relatively 
small number of results available 

An unusual occurrence of large grains is illustrated 
in Fig. 18. The cause is not clear, but it may be ex- 
plained by a critical amount of cold work that was 
applied to the sides of the groove during back chipping 
for the second weld pass. Only one such example was 
found in a specimen not destined for a fatigue test 
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11—Typical fracture locations 


Dressed weld conditions 

Removal of the weld bead reinforcement takes away 
the three factors that have already been considered, 
and produces an immediate improvement in welded 
fatigue strength amounting to almost half the differ- 
ence between parent plate as-received and as-welded. 
An increase in the amount of scatter in the results is 
also evident in Fig. 5. Scatter is greater for the ground 
and sanded finish than for the polished finish, and 
several instances were found of cracks tending to 
follow score marks not removed by sanding and in- 
clined to the direction of applied stress. These observa- 
tions together indicate that a polished finish is desir- 
able to give greater uniformity in properties and a 
slight gain in fatigue strength; estimated from Fig. 5 
to be about 0-3 tons/sq.in. at 10’ cycles endurance. 
Where this small improvement is not economically 
justifiable, it is obviously important that the grinding 
and sanding operations be carried out in such a way 
that no deep scores remain and that the finer scratches 
always lie parallel to the direction of applied bending 
stress. 

With the bead removed, failure usually begins in the 
deposited metal in one or other of the positions illus- 
trated in Figs. 124 and c, the cracks being trans- 
granular in both wrought and cast metal. In the 
parent plate, propagation follows an almost straight 
line (Fig. 19), but in weld metal the crack direction is 
influenced by the greater incidence and size of in- 
clusions and cavities (Fig. 20). 


Annealed conditions 


The results from annealed groups are shown in 
Fig. 6, where the few results obtained for group WA 
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indicate no further change in fatigue strength from 
group W. This implies that no appreciable transverse 
residual stresses were present after the welding opera- 
tion. 

Annealing of ground-finish specimens caused an 
unexpected reduction of fatigue strength, which 
implies that part of the recovery in strength observed 
in group WG was due to the setting up of compressive 
residual stresses during the grinding and sanding 
operations. This conclusion is contrary to the estab- 
lished idea that any machining operation which 
generates heat is likely to leave the surface layers in 
tension.?° The behaviour of group WGA is typical of 
the effect of residual tension over the whole range of 
endurances, however, and as this result is not compat- 
ible with the annealed condition, further investigation 
will be required to give a more rational explanation of 
the effect of annealing. 

Annealing the as-received parent plate also caused 
an unexpectedly large drop in fatigue strength over 
the whole range of endurances, which is not reflected 
in the slightly lower tensile strength. The endurance 
ratio of 0-31 at 10° cycles is abnormally low for a 
material of this type, although a lower value has been 
reported.*! The actual value of fatigue strength lies 
between published values”* for NE.5 soft and NE.6 soft 
for an endurance of 10* cycles. A check with material 
taken from a different production batch and annealed 
under different conditions of time and temperature 
gave similar results. All the parent plate was tested 
with the mill-finished surfaces intact and possibly in a 
state of residual compression after the final rolling 
operation. The relief of such a condition by annealing 
may explain the effect observed. Unfortunately a detail- 
ed production history is not available for the material. 

Further work will be needed to find the true cause 
of this annealing effect. At the moment it seems 
important and significant that the results for annealed 
parent plate almost all lie within the scatter band of 
flush-dressed weld results. This confirms the hypo- 
thetical argument and shows that, for sound welds, the 
optimum performance can be obtained by the rela- 
tively simple expedient of removing the weld bead 
reinforcement. It is also interesting that, although the 
endurance limit for as-received plate is almost equal 
to the yield strength, this is not so for any of the 
annealed conditions. 


Effect of porosity 

Only fine general porosity was experienced during 
the preparation of test pieces for this work, and this is 
shown in Fig. 9 to have no effect on the as-welded 
fatigue strength. This result is not unexpected, for the 
general porosity occurs in a stress field of reduced 
intensity and away from the more important stress 
raisers at the bead edge. Thus, the two stress-raising 
effects cannot be supplementary. 

With the weld bead removed, porosity shows its full 
stress-raising potential, and the recovery in fatigue 
strength previously noted does not occur. Scatter of 
the results is increased and fracture is again influenced 
by pores exposed on the surface (Fig. 21). This 
behaviour emphasizes the significance of the bead 
edge porosity observed in as-welded test pieces. 

It was noticed that pores lying in the dressed surface 
could be smeared over and hidden by the grinding and 








BRITISH WELDING JOURNAL, MAY 


sanding operations. This does not reduce their stress- 


raising potential, but it does emphasize the value: of 


radiographic inspection of welds before the reinforce- 
ment is removed 


Effect of quenching 

Chilling of the outer surfaces by a cold water 
quench from 500°C. was used to set up residual 
compressive stresses across the welded region. In this 
condition fatigue strengths approaching those ob- 
tained by removal of the weld bead were recorded. The 
use of such a treatment is limited in practice by the 
conditions of service loading, for a single application 
of stress that takes the total of applied and residual 
stress beyond the yield strength of the material causes 
a redistribution of residual stress. An applied bending 
stress of this magnitude would probably reduce the 
surface residual stress almost to zero. The effect on 
fatigue strength of this stress relief is illustrated in 
Fig 
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Typical fatigue cracks 


[he main conclusion from this exercise is that 
suitably orientated residual stress can effectively limit 
the stress-raising effect of a weld bead edge. 


Effects of straightening operations 


All the results obtained for the planished and 
stretched groups are shown together in Fig. 8. 

Hammer planishing produces no appreciable im- 
provement in fatigue strength, even when the bead 
reinforcement is subsequently removed. Planishing 
with a flat-faced tool can cause a further severe reduc- 
tion in fatigue resistance below the as-welded level. 
This is probably due to very localized working of 
metal in the bead, which tends to spread sideways, 
exaggerating the effect of bead edge notches. The 
round tool allows of planishing closer to the bead 
edges, and no deleterious effects are apparent in the 
fatigue results after this treatment. Removal of the bead 
takes away cold-worked material and leaves a dressed 
weld in a similar condition to those of group WG. 
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Bead angles measured in order shown 
P= viewing directions for photographing overlap defect 
(Fig. Nos. in parentheses) 
13—- Measurement of bead edge angles, and observation of overlap 


defect 


From the fatigue viewpoint, hammer planishing 
cannot be recommended as a safe means of correcting 
distortion. 

A more uniform distribution of cold work through 
the welded section is obtained by roll planishing. 
Tensile results indicate that the worked region extends 
into the plate adjacent to the weld, and this was con- 
firmed by measurement of the plate thickness at 
intervals along a line normal to the weld bead. An 
increase in endurance limit of about | ton/sq.in. is 
indicated for the rolled weld condition, but when the 
bead is removed a substantial improvement becomes 
apparent. Half the results for group WRG lie within 
the parent-plate scatter band and the remainder are 
in the upper half of the dressed-weld scatter band. It is 
unlikely that compressive residual stress in the plate 
plays any significant part in this improvement, for the 





14— Micro-sections of fatigued welds 
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15— Relationship between bead edge angle (x) adjacent to fatigue 
failure and fatigue strength (ratio F) 


surface layer retaining such a stress is removed by 
grinding and sanding. 

Longitudinal stretching is the most effective method 
of correcting distortion after welding, and this process 
gives the best improvement in as-welded fatigue 
strength. An increase in endurance limit of about 
1-3 tons/sq.in. is indicated in Fig. 8. Removal of the 





(a) Sound bead edge (note crack position relative to fused zone), 
(b) unsound bead edge (crack coincides with bead edge porosity) 15 








376 


bead after stretching causes a further improvement, 
but the best results for this group only just exceed the 
best for group WG and do not reach the parent-plate 
scatter band. All the group WEG results lie in, or just 
above, the upper half of the dressed-weld scatter band, 
indicating an improvement of about | ton/sq.in. above 
the endurance limit of the latter condition. 

From the viewpoint of the final fatigue strength, roll 
planishing is the most satisfactory method of correct- 


Table VI 


Strength reduction factors for the endurance range 5 
5 « 10’ cycles 


(a) Summary of Fatigue Strengths 


10° to 





Fatigue Strength, tons/sq.in 
Parent Parent As-welded 
Plate Plate 
As-received Annealed 


50,000 12-4 10°56 6: 

100,000 10-7 9-33 5: 
250,000 9-37 7-90 4:60 6°80 
$00,000 8-73 7-11 4:22 6°16 
1,000,000 8-39 6°56 4: 00 5-80 
3- 
3: 
cf 
3 
3: 


Bead 
Removed 


Endurance, 
ove le 5 


4 9-58 
45 8-10 


2,500,000 ‘07 6°05 I 5-60 
5,000,000 1-96 5-82 9 5°55 
10,000,000 ‘90 5-71 5 5°51 
20,000,000 7-86 5-59 0 5-49 
50,000,000 7-80 5-64 8* 5:46 


& 
5 
- 
> 
6 





(b) Strength reduction factor 
Fatigue strength with stress raiser 
Fatigue strength without stress raiser 








Strength Reduction 
Factor (1) 

As-welded Bead 

Removed 
0-773 
0-757 
0-726 
0-706 
0-692 
0-694 
0-697 
0-698 
0-698 
0-700 


Strength Reduction 
Factor (11) 
As-welded Bead 
Removed 
0:830 
0-868 
0-860 
0-865 
0-886 
0-925 
0-950 
0-966 
0-966 
0-968 


Endurance 
ove les 


50,000 
100,000 
250,000 
$00,000 

1,000,000 
2,500,000 
5,000,000 
10,000,000 
20,000,000 
$0,000,000 


0-516 
0-509 
0-491 
0-483 
0-477 
0-472 
0-477 
0-475 
0-471 
0-472 


0-610 
0-584 
0-584 
0-594 
0-610 
0-630 
0-650 
0-655 
0-653 
0-653 





Estimated value 
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ing distortion, giving a’ good recovery in strength for 
both as-welded and dressed-flush conditions. The 
method is limited in application by practical considera- 
tions of weldment size and shape. Stretching is more 
generally applicable and gives a worthwhile improve- 
ment in fatigue strength. 


Comparison of strength reduction factors 

From the fatigue curves in Figs. 5 and 6, a summary 
of fatigue strengths at various endurances was drawn 
up for the PP, PPA, W, and WG groups. These values 
(a) were used to calculate the values of K; (5) in 
Table VI. 

As there is now good reason to believe that the 
results for annealed parent plate represent the opti- 
mum fatigue strength attainable from a welded joint 
in non-heat-treatable Al-Mg alloys, the factor K; has 
been related to both as-received and annealed plate. 
These values are plotted in Fig. 22 and show that K; 
becomes constant in each case for endurances greater 
than 2 10® cycles. The value of 0-475 for Ky (I) in 
the as-welded condition compares favourably with the 
value of 0-429 which has been reported' for the 
American alloy 61S-T ata similar endurance. With the 
weld bead removed, K; (1) becomes 0-698 for BA.28 
compared with 0-535 for 61S-T. 


Comparison of endurance ratios 

Endurance ratios for butt-welded aluminium alloys, 
taken from a number of sources, are compared in 
Table VII. Of the materials compared, Seewasser 
63/03 comes nearest in composition to BA.28 and 
gives a comparable endurance ratio. As the test piece 
dimensions were of the same order for these two cases 
it would appear that there is very little difference in 
performance between butt welds made by the Mig and 
the Tig (tungsten-arc) processes. 


Comparison with steel 

Comparison of the observed behaviour of BA.28 
with published results for mild steel shows the effects 
of welding, bead removal, and porosity to be generally 
similar. There is a small quantitative difference how- 
ever. Data published in 1938 from tests carried out by 
Lea and Parker® on butt-welded mild steel were sum- 


marized by Lea and Whitman’ and give a direct 


S ‘ ; ‘ 
S comparison with the present test results. These data 


R.F. (1) is referred to parent plate as-received 
R.F. (ID) is referred to parent plate annealed 
Table VII 


Comparison of endurance ratios from various sources 





Material 
Lin. B te 28M 


Source 


Test Method 
Bend R= —1 


Type of Joint 


Mig—Double butt 
Mig— Dressed flush 
jin 618- T6 Tig—Double butt 
” Tig—Dressed flush 
Ref. 3 2mm Bondur- WP Tig—Single butt 
, Gas—Single butt 
2mm Seem asser 63/03H Tig—Single butt 
Gas—Single butt 
2mm Pantel W.P Tig—Single butt 
” Gas—Single butt 
Mig—Double butt 
Mig— Dressed flush 


Endurance Ratio* 
0-200 
0-295 
0-127 
0-159 
0-130 
0-150 
0-216 
0-259 
0-200 
0-236 
0-166 
0-261 


Present work 
Ref.1 Axial R 
Bend R 
Bend k 
Bend R 


in. A 548S-H.34 Axial R=0 





Fatigue strength at 10* cycles 


* Endurance Ratio 
Parent plate tensile strength 
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Plate 


16—Surface appearance of bead edge porosity 
(a) Unbroken test piece; (b) surface view of 
crack; (c) view of crack face 10 


Table VIII 
Comparison of endurance ratios for aluminium alloy BA.28 and mild steel 





Description of Sample Tensile Fatigue Endurance Ratio Strength 
Strength. Strength, (a) (b) Reduction 
tons/sq.in tons sq.in Factor 
BA.28 plate As-received 18:77 7-90 0-422 0-422 -_- 
” » — As-welded 18-36 3-75 200 0-204 0-475 
Welded and ground flush 16°75 5-52 ‘295 0-330 0-700 
- As-welded, annealed 18-10 3-75 200 0-220 0-475 
Welded, flush ground, annealed 16°10 4-62 0-246 0-286 0-585 
Mild steel boiler plate 30-70 15:20 0-495 0-495 
Boiler plate — As-welded (P.weld—G3 plate) 8-10 0-264 0-532 
” * ” machined all over 11-30 0-368 0-745 
” annealed 8-50 0-277 0-560 
Welded, annealed, machined all over 10-00 0-326 0-660 





Fatigue strengths quoted at 10’ cycles endurance 
Fatigue strength of joint Fatigue strength of joint 
Endurance Ratio (a) ~ te . ——_—_— or (b) Bm 4 : 
Tensile strength of parent plate Tensile strength of joint 


are given in Table VIII, and show that the endurance 4:5°, greater in the flush-dressed condition, for 
ratios quoted in column (a) are always lower for the aluminium than for steel. Though small, this differ- 
aluminium alloy than for mild steel. For jointed ence may be related to the presence of bead edge 
conditions, the difference becomes relatively greater, porosity in aluminium welds, a defect which does not 
indicating that BA.28 is rather more notch sensitive appear to have been observed in steel welds. 

than mild steel. Comparison of the strength reduction 

factors confirms this and shows that the loss of fatigue Size effect 

strength is 6°, greater in the as-welded condition, and The effects of test piece size and testing method have 
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17—Multiple-start cracks in flush ground specimens 


not been considered in drawing comparisons with 
results from other sources. Comparisons between the 
different conditions considered in the present work are 
valid, however, and the relative changes in fatigue 
strength obtained from the various treatments are real. 
The quantitative results obtained cannot be claimed to 
represent values that could be realized in a full-scale 
structural weldment however, because of the small size 
of test piece employed 


Design considerations 


The problem of designing welded structures to carry 
fatigue loading has been discussed at some iength by 
Whitman® and by Weck,’:** and design factors based 
on available data for steel have been suggested by 
Erker®* and by the Institute of Welding.*° The serious 
deficiencies of existing Codes of Practice from the 
fatigue aspect have been emphasized by these authors 
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19— Micro-section of crack root in parent metal 200 


The most important consideration in any design 
should be the avoidance of unnecessary stress-raising 
features. Wherever possible butt welding should be 
used in preference to fillet welding. The use of arbi- 
trary design factors must be carefully related to the 
type of material involved, the welding process to be 
employed, the effect of welding on material properties, 
the effect of additional stress-raisers adjacent to the 
joint, and the required life of the structure. For 
complete safety, it is often assumed that design 
stresses, including an allowance for stress raisers, 


18 Freak grain growth 





WOOD 


20— Micro-section of crack root in weld metal 200 


should never exceed the endurance limit of the 
material, but this must always result in an inefficient 
design and is frequently unnecessary. For example, a 
bridge or crane structure is probably subjected to peak 
stresses approaching the endurance limit at a very low 
rate, whereas a road or rail vehicle frame will experi- 
ence peak values at a much higher rate. Another rule 
in common use for work-hardenable aluminium alloys 
is the estimation for as-manufactured material of an 
endurance limit equal to half the tensile strength. 
Where fabrication involves temperatures sufficient to 
anneal the metal, this is obviously not satisfactory and 
a factor of one-third would be more appropriate, 
ignoring the effects of mean stress 


The most valuable guide to the efficient use of 
welding in structures is still the accumulation of 


experience with different joint configurations. The 
increasing use of aluminium in general engineering 
practice gives scope for more concentrated attention 
to the fatigue problem in welded aluminium, particu- 
larly as the effects are apparently more severe than 
for steel. 


Conclusions 


The following conclusions can be drawn from the 
data obtained for the fatigue behaviour of BA.28 
butt-welded under normal commercial conditions: 


(1) The fatigue strength of the as-manufactured weld 
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Variation of strength reduction factor with endurance for 
butt-welded BA.28 alloy. (Alternating stress: R= —1) 


joint is only about half that of the as-manu- 
factured plate at 10 million cycles endurance. 
Approximately half of the reduction in fatigue 
strength is due to the presence of annealed material 
adjacent to the weld, the remainder being caused 
by a combination of notch effects at the weld bead 
edges. 

Removal of these edge notches by dressing the 
bead flush with the plate restores the welded fatigue 
strength to that of annealed parent plate. 
Scattered fine porosity renders the flush-dressing 
treatment ineffective, but has no effect on the as- 
welded fatigue strength. Radiographic inspection 
before dressing-off is recommended for critical 
cases. 

More uniform fatigue properties can be obtained 
by polishing the flush-dressed surfaces. A slightly 
lower gain in fatigue strength can be expected 
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when the flush-dressed surfaces are left with a 
sanded finish. Suitably orientated score marks will 
influence the position of crack initiation and the 
direction of propagation 

Suitably orientated residual stress can cause a 
marked improvement in as-welded fatigue strength. 


The effect is not universal, however. and the use of 


deliberately induced residual stress is limited to 
cases where service stress conditions are accurately 
known. 
Distortion correction by roll planishing or stretch- 
ing is beneficial to fatigue strength for both as- 
welded and flush-dressed conditions. Hammer 
planishing is not recommended. 

The general behaviour of aluminium and steel is 
similar when butt-welded connections are sub- 
jected to fatigue conditions. Design considerations 
applicable to welded steel structures are also useful 
in welded aluminium design. Steel design factors 
do not appear to be suitable for aluminium. 
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THE WORK OF THE INTERNATIONAL 
INSTITUTE OF WELDING 


Since much of the work done by the fifteen Commis- 
sions of the I.1I.W. is not fully understood and appreciated 
by the welding industry, and even by members of the 
British Institute of Welding, the latter body held a Con- 
versazione at 54 Princes Gate, on 4th February, 1960, to 
provide an opportunity for delegates to meet and to 
discuss with others the nature and importance of their 
work. 

The conversazione was opened by the President of the 
Institute of Welding, Mr. E. Seymour-Semper, and his 
introductory talk was followed at intervals by brief state- 
ments by some of the British delegates. These included Mr. 
S. M. Reisser, British expert on Commission X V—Funda- 
mentals of Design and Fabrication for Welding: Dr. A. A. 
Wells, British delegate on Commission IX—Behaviour of 
Metals Subjected to Welding; Dr. R. Weck, Chairman of 
Commission X—Residual Stresses and Stress Relieving. 


During the afternoon and evening visitors were able to 
see displays of the work of Commissions III, IV, V, VI, 
XI, XII, and XIII, and to discuss matters of common 
interest with the various delegates. 

At the close of the meeting, Mr. A. Robert Jenkins, J.P., 
the leader of the British delegation spoke of the significant 
contributions that had been made by Britain to the work 
of I.1.W. and, whilst warmly thanking those already offer- 
ing assistance in terms of time and money, hoped that the 
welding industry as a whole would support more fully this 
important aspect of international co-operation. 


THE BRITISH DELEGATION TO THE LI.W. 


The United Kingdom member societies of the Inter- 
national Institute of Welding set up a Joint Committee 
for International Welding Relations in 1948, as a means of 
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organizing their participation in work of the LI.W. Its 
primary function therefore is to ensure that the British 
member societies obtain the maximum advantage from the 
co-operative work of the International Institute, which in 
its turn involves the most effective contribution on the 
technical level that British welding is able to make to the 
common stock of knowledge and experience. 

In recent years industry in Britain has shown a steadily 
increasing interest in the opportunities of international 
consultation and technical exchange which are open to it 
in the welding sphere through the Joint Committee, and 
an increasing number of companies and firms are seeking 
to appoint representatives to attend the meetings of the 
technical Commissions of the I.1.W. 


Membership and functions of the Joint Committee 


The United Kingdom member societies of the I.1.W. 
are: 

The Aluminium Development Association 

The British Acetylene Association 

The British Electrical and Allied Industries Research 
Association 

The British Electrical and Allied Manufacturers’ 
Association 

The British Welding Research Association 

The Institute of Sheet Metal Engineering 

The Institute of Welding. 


All these bodies are represented on the 


Joint Committee for International Welding 
Relations, 
together with the British Standards Institution and the 
British Iron and Steel Federation. 

The Chairman of the Committee is Mr. A. Robert 
Jenkins, Chairman of the Council of the B.W.R.A.; its 
Honorary Secretary is Mr. G. Parsloe, Secretary-General 
of the I.1.W. and Secretary of the Institute of Welding. 

The Joint Committee has its own budget; its income is 
derived from the contributions of the member societies and 
the British Iron and Steel Federation. Its principal expenses 
are the British subscription to the 1.1.W., and the travelling 
expenses of certain British delegates. 

The principal functions of the Joint Committee are: 

(a) The appointment of the British delegation 
(5) Briefing the British delegates on the Governing Council 

of the L.1.W. 

(c) Arranging for the briefing of British delegates and 
experts on the Commissions 

(d) Arranging for the sale of I.1.W. publications in the 
U.K. 


Composition of the British delegation 
The British delegation is composed as follows: 
Governing Council 

Mr. A. Robert Jenkins (Leader of the British delegation) 
(Robert Jenkins & Co. Ltd.) 

Mr. G. Parsloe (Secretary-General of the I.1.W.) (Institute 
of Welding) 

Dr. R. Weck (British Welding Research Association) 


COMMISSION I—Gas Welding and Allied Processes 


Delegate: Mr. E. Seymour-Semper (Hancock & Co. (Eng- 
ineers) Ltd.) 
Mr. C. S. Milne (C. S. Milne & Co. Ltd.) 
Mr. L. C. Percival (British Oxygen Engineering 
Ltd.) 
Mr. G. Sims-Davies (British Oxygen Gases Ltd.) 
Sub-Commission A—Brazing and Surfacing 
Mr. L. C. Percival (British Oxygen Engineering 
Ltd.) 


Experts: 
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Sub-Commission B—Oxygen Cutting 
Mr. E. Seymour-Semper (Chairman) (Hancock 
& Co. (Engineers) Ltd.) 
Sub-Commission C—Metallisation by Metal Spraying 
Mr. W. E. Ballard (provisional) (Metallisation 
Ltd.) 


COMMISSION Il—Are Welding 


Delegate: Mr. J. L. Hamilton (Rockweld Ltd.) 
Expert: To be appointed 
Sub-Commission A—Effect of Hydrogen in Weld Metal 
Mr. F. R. Coe (British Welding Research Associ- 
ation) 
Sub-Commission B—Testing and Measurement of Arc 
Welding Equipment 
Mr. R. H. Boughton (English Electric Co. Ltd.) 
Sub-Commission C—Testing and Measurement of 
Weld Metal 
Mr. V. L. Pardoe (Invicta Electrodes Ltd.) 
Sub-Commission D—Deep Penetration Welding 
Mr. K. K. Doherty (Armco Ltd.) 
Sub-Commission E—Classification of Electrodes 
Mr. E. Roberts (Arc Manufacturing Co. Ltd.) 
Working Group—Productivity by Arc Welding 
Mr. A. G. Thompson (A. G. Thompson & 
Associates) 


COMMISSION III 


Chairman: Dr. H. G. Taylor, U.K. (Electrical Research 
Association) 
Delegate: Mr. W. S. Simmie (Vice-Chairman) (Pressed 
Steel Co. Ltd.) 
Mr. R. W. Ayers (Sciaky Electric Welding 
Machines Ltd.) 
Mr. N. A. Tucker (Johnson Matthey & Co. Ltd.) 
Sub-Commission A—Weldability in Spot Welding 
Mr. E. J. French (British Welding Research 
Association) 
Sub-Commission B—Projection Welding 
Mr. N. A. Tucker (Johnson Matthey & Co. Ltd.) 
Sub-Commission C—Flash Welding 
Mr. J. M. Sinclair (A.1. Welding Machines Ltd.) 
Sub-Commission D—Terminology of Electronic Con- 
tols for Resistance Welding 
Mr. Lr V. Beatson (Chairman) (Joseph Lucas 
Ltd.) 
Sub-Commission E—Productivity 
Mr. M. H. Lummus (Vauxhall Motors Ltd.) 
Mr. A. T. Lane (British Federal Welder and 
Machine Co.) 
Sub-Commission F—Classification of Spot Welded 
Joints in Mild Steel 
Mr. H. E. Lardge (Joseph Lucas (Gas Turbine 
Equipment) Ltd.) 
Sub-Commission G-——Non-destructive Testing of Spot 
Welds 
Mr. H. L. Carson (Central Electricity Research 
Laboratories) 


Resistance Welding 


Experts: 


COMMISSION IV—Documentation 


Delegate: Mr. J. Hooper (Institute of Sheet Metal Engin- 
eering) 


COMMISSION V—Testing, Measurement and Control of 
Welds 

Delegate: Mr. A. H. Goodger 

Expert: Mr. H. L. Carson (Central Electicity Research 
Laboratories) 
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Sub-Commission A — Radiography 
Mr. R. Halmshaw (The War Office, 
Research and Development Est.) 
Sub-Commission C— Ultrasonics 
Mr. W. W. Campbell (Merz & McLellan) 
Sub-Commission E —Magnetic and Penetrant Methods 
Mr. J. Johnson (Metropolitan-Vickers Electrical 
Co. Ltd.) 
Working Group—Destructive Methods of Testing Non- 
ferrous Metals 
Mr. N. T. Burgess (Central Electricity Generat- 
ing Board, Research and Development De- 
partment) 


Armament 


COMMISSION VI 


Delegate: Mr. E. W. Harding (Ministry of Aviation) 
Expert To be appointed 


Terminology 


COMMISSION VII 


Dek val Mr I P 
Ltd.) 

Expert Mr. R. A. McKinstry (British Standards Institu- 
tion) 


Standardisation 


S. Gardner (British Petroleum Co. 


COMMISSION VIII 

Delegate: Mr. E. S. Waddington 

Expert Mr. L. N. Duguid (Factory Dept., Ministry of 
Labour and National Service) 


Hygiene and Safety 


COMMISSION IX— Behaviour of Metals Subjected to 
Welding 


Dr. A. A. Wells (British Welding Research 
Association) 
Dr. C. L. M. Cottrell (Bristol Aerojet Ltd.) 
Mr. G. M. Boyd (Lloyd’s Register of Shipping) 
Mr. J. E. Roberts (Colvilles Ltd.) 
Sub-Commission B—Weldability in Relation to Trans- 
formation Characteristics 
Mr. H. F. Tremilett (British Welding Research 
Association) 
Sub-Commission D—Brittle Fracture 
Mr. J. E. Roberts (Chairman) (Colvilles Ltd.) 
Mr. G. M. Boyd (Lloyd's Register of Shipping) 
Programme Sub-Commission 
Dr. A. A. Wells (British 
Association) 
Working Group—Corrosion 
Aluminium Alloys 
Mr. N. T. Burgess (Central Electricity Generat- 
ing Board, Research and Development De- 
partment) 


Delegates 


Experts 


Welding Research 


Resistance of Welded 


COMMISSION X—-Residual Stresses and Stress Relieving 


Dr. R. Weck, U.K. (British Welding Research 
Association) 

Dr. L. E. Benson (Metropolitan-Vickers Elect- 
rical Co. Ltd.) 

Dr. H. Harris (Babcock & Wilcox Ltd.) 

Expert Dr. A. A. Wells (British Welding Research 

Association) 


Chairman 


Del vales 


COMMISSION XI 
lines 
Delegate: Dr. W. B. Carlson (Vice-Chairman) (Babcock & 
Wilcox Ltd.) 
Experts: Mr. E. Fuchs (1.C.1., Alkali Division) 
Mr. I. Macduff (Babcock & Wilcox Ltd.) 


Pressure Vessels, Boilers and Pipe- 
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Sub-Commission A——Design Details 
Mr. E. P. S. Gardner (Chairman) (British Petrol- 
eum Co. Ltd.) 
Mr. E. Fuchs (1.C.1., Alkali Division) 
Sub-Commission B—Allowable Stresses 
Dr. W. B. Carlson (Chairman) (Babcock & 
Wilcox Ltd.) 


COMMISSION XII 


Delegate: Mr. S. H. Griffiths (John Thompson Ltd.) 
Experts: Mr. A. H. Carrington (Lincoln Electric Co. Ltd.) 

Mr. P. L. J. Leder (Quasi-Arc Ltd.) 

Mr. J. Hinde (Mond Nickel Co. Ltd.) 

Mr. R. R. Sillifant (British Oxygen Gases Ltd., 
Equipment Division) 

Sub-Commission A—Submerged Arc, 
Covered Electrodes Processes 
Mr. A. H. Carrington (Lincoln Electric Co. Ltd.) 
Sub-Commission (C-—Gas-shielded Processes (Non- 
ferrous Metals) 

Mr. J. Hinde (Mond Nickel Co. Ltd.) 

Mr. N. T. Burgess (Central Electricity Generat- 
ing Board, Research and Development De- 
partment) 

Sub-Commission E—Investigation of Weld Metal De- 
posited by all Processes 

Mr. S. H. Griffiths (John Thompson Ltd.) 

Working Group B—Gas-shielded Processes with or 
without Flux (Ferrous Metals) 

Mr. P. L. J. Leder (Chairman), (Quasi-Arc Ltd.) 

Working Group D—Other Special Processes 

Dr. R. A. Cresswell (Chairman) (British Oxygen 

Research and Development Ltd.) 
Working Group F—Power Sources 

Mr. J. C. Needham (Electrical Research Associ- 
ation) 

Working Group G—Terminology 

Dr. R. A. Cresswell (British Oxygen Research 
and Development Ltd.) 

Working Group H—Health and Safety in Special Arc 
Welding Proccesses 

Dr. R. A. Cresswell (British Oxygen Research 

and Development Ltd.) 


Special Arc Welding Processes 


Continuous 


COMMISSION XIll 


Delegate: Mr. R. P. Newman (British Welding Research 
Association) 


Fatigue Testing 


COMMISSION XIV—Welding Instruction 


Delegate: Mr. R. E. G. Weddell (W. G. 
(Tipton) Ltd.) 

Mr. V. W. Clack (Wandsworth Technical Col- 
lege) 


Allen & Sons 


Expe rt 


COMMISSION XV—Fundamentals of Design and Fabri- 
cation for Welding 


Dr. F. Koenigsberger (Manchester University) 
Mr. S. M. Reisser (Secretary) (W. S. Atkins & 
Partners) 
Sub-Commission A—Calculation of Welded Construc- 
tions Subject to Static Loading 
Mr. T. V. Thompson (Dorman Long (Bridge & 
Engineering) Ltd.) 
Sub-Commission B—Calculation of Welded Construc- 
tions Subject to Dynamic Loading 
Mr. R. P. Newman (British Welding Research 
Association) 
Sub-Commission C— Design for Welding 
Mr. A. V. Hooker (W. S. Atkins & Partners) 


Delegate 
Expert: 
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News of the Institute and Branches 


B.W.R.A. 


and Industr\ 


Spring Meeting 

The Spring Meeting at Droitwich 
promises to be the best attended for 
many years past. A novel feature will be 
the display of machines and products by 
a dozen of the leading manufacturers of 
welding, cutting and metal spraying 
equipment, which is being mounted at 
the back of the Winter Gardens dance 
hall, in which the technical meetings will 
take place. The following is a list of the 
companies which are exhibiting: 


F. W. Berk & Co. Ltd., Schori Division 
British Oxygen Gases Ltd 

Edwards High Vacuum Ltd 

The English Electric Co. Ltd 

Hancock & Co. (Engineers) Ltd 

The Metal & Plastic Coatings Association 
Metallisation Ltd. 

Metallizing Equipment Co. Ltd 
Quasi-Arc Ltd 

Research & Control Instruments Ltd 
Rockweld Ltd 

Rubery Owen and Co. Ltd. 

Wall Colmonoy (Canada) Ltd 


The principal guest at the Dinner on 
the Wednesday evening will be the 
Mayor of Droitwich, Mr. R. Joliffe. 

All hotel accommodation has already 
been allotted, and the works visits are 
full, but it is still not too late to enrol for 
the meeting, and there are a few tickets 
for the Dinner available. Members 
should make use of the enrolment form 
distributed with the Spring Meeting 
Programme in March. 


Forthcoming Meetings 
The following is a provisional list of 
forthcoming meetings of the Institute. 
Full particulars will of course be circu- 
lated to members later on. 


Annual General Meeting 
Thursday 14th July, 2.30 p.m. 

Autumn Meeting 
Ist-3rd November, 1960 

Open Meeting of Technical Committee 
on standardization and future trends 
in welding and allied processes 
6th-8th December, 1960 

Christmas Lecture to Young People 
3rd or 4th January, 1961 (morning) 


Other Societies 


INSTITUTE ACTIVITIES 


Evening meeting: Paper on the all-welded 
Thames bridge at Maidenhead 
2nd February, 1961, 6.30 p.m 
Fourth Annual Lecture 
9th or 2nd March, 1961, 6.30 p.m 
Spring Meeting, 1961 
24th-28th April 
Two-day Joint Meeting with the Nether- 
lands Welding Society, at Utrecht, 
Holland 
May, 1961 


Publications 


The Institute will shortly publish, on 
behalf of the International Institute of 
Welding, an edition in English and 
French of “Recommended Welded Con- 
nections for Pressure Vessels” , an import- 
ant product of IIW Commission XI. 

On the recommendation of the Inspec- 
tion and Testing Committee, the Institute 
will also produce an English edition of 
the IIW “Handbook on Radiographic 
Apparatus and Techniques”. 

The Health and Safety Committee is 
pressing on with the revision of the 
Institute’s booklet “Health and Safety 
in Welding”, which is now out of print. 
The second edition will include a 
chapter on the health hazards and 
safety precautions needed in brazing 
and metal spraying. 

Also within sight of completion is the 
**Handbook for Welding Design’, origin- 
ally planned to be in three volumes, but 
now to be completed in two, to which 
it is intended to add a series of special 
supplements illustrating the principles 
of design for welded production in a 
number of leading industries. 


Sincere Flattery 

At the beginning of March, the 
American Welding Society opened the 
first short course in its School of Weld- 
ing Technology. The subject of the 
course was Gas-Shielded Welding Pro- 
cesses and, as in the Institute’s School, 
lecturers were experts from industry, and 
course members men in_ responsible 
positions, anxious to improve and 
bring up to date their knowledge of 


welding processes and techniques. The 
Institute wishes the American Welding 
Society all success, and appreciates the 
compliment. 


NEWS OF MEMBERS 

Mr. H. Townend, who retired on 31st 
January after 41 years’ service with the 
British Oxygen Company, was the guest 
at a farewell luncheon and presentation 
at the Victoria Hotel, Sheffield on 2nd 
February. 

Mr. Townend joined the Institution of 
Welding Engineers in 1924, and he has 
thus been a Member of the Institute 
almost from its foundation. He has 
always been most active in promoting 
its growth, and his services, in particular 
in the Manchester and Sheffield areas, 
are marked by his election as, firstly, 
Chairman of the Manchester Branch 
and, subsequently, Chairman of the 
Sheffield Branch. 

His innumerable friends, both in and 
outside the Institute, will wish Mr. 
Townend much happiness in his retire- 
ment. 

Mr. Townend’s present address is 41 
Greystones Avenue, Sheffield 11. 


H. J. Manners (elected Associate 
Member 1959, South Western Branch) 
has taken up a new position with 
Vickers-Armstrongs Ltd., South Mar- 
ston, Nr. Swindon, as Section Leader in 
the company’s Nuclear Design Office. 


CONTRIBUTORS TO 
THE JOURNAL 


G. R. Bell, B.Sc., a Vice-President of 
Wall Colmonoy (Canada) Ltd. and 
General Manager of its British Division, 
was educated at Sevenoaks School and 
graduated in metallurgy at the Royal 
School of Mines, Imperial College, 
London, in 1940. 

Mr. Bell joined the British Non- 
Ferrous Metals Research Association to 
undertake fundamental research on the 
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welding of aluminium-magnesium alloys 
and moved to the Works Research and 
Development Laboratories of Murex 
Ltd., Rainham, Essex, in 1941. In 1944 
he was appointed Works Manager of 
Diamond & Hard Metals Ltd., and took 
over the metal powder production plant 
of Powder Metallurgy Ltd. Subse 
quently, in 1948, he became Personal 
Technical Assistant to Dr. W. D. Jones, 
until he took up his present appointment 
at the beginning of last year 

J. R. Gault, B.Sc., B.Com., who is 
now Head of the Research Department 
of Deloro Stellite Ltd., received his 
technical education at the Royal Tech- 
nical College, Glasgow, where he ob- 
tained the degrees of B.Sc. and B.Com 
of the University of London 

After a number of years in the foundry 
and welding industries, he joined his 
present firm, dealing with the various 
developments and applications of the 
“Stellite’’ range of alloys. More recently, 
he has concentrated on the application 
of metal powders to hard-facing tech- 
niques 

M. E. Harper, Head of the Vacuum 
Metallurgy Research Divisionof Edwards 
High Vacuum Ltd., Crawley, was born 
at Nuneaton in 1929 and received his 
technical education in Birmingham 
After his national service in the Royal 
Air Force, he joined the Physical Metal 
lurgy Section of the Associated Elec- 
trical Industries Laboratories at Alder- 
maston, in 1949, and was engaged on 
research work and development of 
equipment for pure melting techniques 


M. E. Harper 
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E. G. Nunn 


J. R. Gault 


During this period he carried out part- 
time studies at Northampton Poly- 
technic and obtained the Higher 
National Certificate in Applied Physics. 
He joined Edwards High Vacuum in 
January 1954, to initiate a vacuum 
metallurgy section. Also during 1954, 
he terminated his studies, having ob- 
tained a Graduateship of the Institute 
of Physics. Since this time he has been 
engaged on leading the research and 
development of all types of equipment 
associated with vacuum metallurgy 

E. G. Nunn, Research Assistant at 
Edwards High Vacuum Ltd., Crawley, 
was born at Woolwich in 1936 and was 
educated at Erith Technical College. He 
joined Edwards in 1952 as an engineering 
apprentice, and studied at Brighton 
Technical College. For the past three 
years Mr. Nunn has been working in 
the Company's Vacuum Metallurgy 
Research Division, concentrating mainly 
on vacuum arc melting and electron 
beam welding. 

Dr. K. J. Irvine, Deputy Research 
Manager of United Steel Companies 
Ltd. Research and Development De- 
partment, studied metallurgy at Leeds 
University and in America on a Nuffield 
Foundation Scholarship. From 1948 to 
1954 he lectured at Leeds University, 
following which he joined United Steel 
Companies to take charge of metallur- 
gical research. Dr. Irvine was appointed 
to his present position in 1959 

F. B. Pickering, A.Met., A.1.M., was 
educated at the King Edward VII School, 
Sheffield, and obtained the Associate- 


F. B. Pickering 
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ship in Ferrous Metallurgy at Sheffield 
University with the Mappin Medal, in 
1948. He also obtained the Associate- 
ship in Non-ferrous Metallurgy in 1953, 
and in the same year was elected an 
Associate of the Institution of Metal- 
lurgists 

Mr. Pickering was first employed in 
the United Steel Companies Limited 
as a research assistant in the Physics 
Section, and then as research assistant 
in the Metallography Section. Subse- 
quently, he was appointed Senior Metal- 
lographer, and since 1958 he has been 
Head of the Physical Metallurgy Section 
of the Research and Development 
Department 


EDUCATION 
Postgraduate Course in Structures and 
Materials 

The 1960-1961 Postgraduate Course 
in Theory of Structures and Strength of 
Materials will be held in the Department 
of Engineering, Cambridge University, 
beginning on Sth October 1960 and 
finishing in June 1961 

The latest advances in the understand- 
ing of the behaviour of metallic struc- 
tures under static, repeated, or fatigue 
loading will be the principal subject, 
with particular emphasis on welding as 
a method of fabrication. There will be 
lectures, colloquia and laboratory work, 
and each student will be encouraged to 
make a detailed study of some problem 
of particular interest to him 

The course is open to university 
graduates with industrial experience, 
and to others with suitable equivalent 
qualifications and of sufficient experi- 
ence to obtain full benefit from a post- 
graduate course. 

Further details and forms of applica- 
tion for admission may be obtained 
from the Secretary, Cambridge Univer- 
sity Engineering Laboratory, Trumping- 
ton Street, Cambridge (to be returned 
by not later than 3lst May, 1960) 


BRANCH NEWS 


East of Scotland 


On the evening of Tuesday, 26th Jan- 
uary, the Branch held the fifth meeting 
of the session at the Works of Brown 
Brothers & Co. Ltd., Rosebank Iron- 
works, Edinburgh, 7. 

Mr. G. Blyth, Senior Radiologist for 
the Company, gave a talk, amplified 
with actual examples, on “The Non- 
Destructive Testing of Welds”, which 
turned out to be an extremely interesting 
subject. 

From the audience of members and 
visitors who attended, there was con- 
siderable discussion on the subjects of 
ultrasonic, X-ray. gamma-ray, and pene- 
trant methods of examining welds and 
materials, and it was proved that this 
type of meeting could be very popular 





After the talk there was a tour of the 
welding shops and the assembly shops, 
ind Mr. T. L. Brown, Works Manager, 
assisted by Messrs. W. McAdam and A 
Hogg of the Welding Department, ex- 
plained the various welding applications 
at present on hand in the Works. The 
Branch are much indebted to Brown 
Bros. & Co. Ltd., for allowing them to 
visit the Works, and thank them and 
their staff for a very interesting and in- 
structive evening 


Exploring space 

The Jodrell Bank Telescope—how it 
was made, how it works, and what it 
does—was well described by Mr. C. N 
Kington, M.B.E., B.Sc., M.I.Mech.! 
M.1.E.E., at the December meeting of 
the Leeds and District Branch 

Ihe lecturer outlined the required 
functions and design considerations of 
the 250 ft. fully steerable radio telescope 
His lecture was illustrated by films and 
slides, and the question time proved to 
be very interesting. Mr. Kington des- 
cribed the vast distances separating the 
stars, which are being investigated by 
means of the telescope. The parabolic 
bowl, weighing 800 tons, is supported on 
a Structure weighing a further 1200 tons 
Both the structure and the bowl rotate 
through 360°, and great care must be 
taken not to point the bowl directly at 
the sun, for the concentration of heat 
would burn off the cable insulation on 
the centre pylon 


R.D.B 


Nuclear power boilers 

Mr. Twigg, Welding Engineer, and 
Mr. Jones, Assistant Chief Metailurgist, 
of Head Wrightson & Co. Ltd., Thornaby- 
on-Tees, gave the January lecture on the 
manufacture and erection of the boilers 


Demonstration of *Sigmette’ wel 
(Courtesy Chatham Ohs 


ling ( 


NEWS AND ANNOUNCEMENTS 


1. C. Burnett (left centre) and C. S. Milne 


the Medway Section meeting 


for Bradwell Atomic Power Station 
Their paper, which was illustrated by 70 
slides, described the complete produc- 
tion, from experimental work to delivery 
on site, of 12 vessels—95 ft. long, 20 ft 
dia., of 14 in. thick mild steel built to 
Lloyd’s Class 1 standards—for the 300 
megawatt nuclear power station being 
built by the Nuclear Power Plant Co 
Ltd. at Bradwell in Essex 

General design, plate and weld mater- 
ials, normalizing techniques, materials 
testing, preparatory experimental work to 
overcome anticipated production difficul- 
ties, and ultrasonic testing of plates were 
described. This was followed by an ac- 
count of the fabrication of branch attach- 
ments, shell tiers and final shell welding 

Finally, the procedures for stress 
relieving of the completed vessels, 
cleaning, hydraulic testing, launching 
and site delivery were outlined 

The lecturers gave a fascinating des- 
cription of the many difficulties that had 


Milne profiler 


(centre) with some of the visitors and members at 


(Courtesy Chatham Observer) 


to be overcome in this great project, and 
a very keen discussion followed. ¢ 


South London Medway Section 


A new departure from the regular 
meetings of the Medway Section was 
made at the meeting held on 27th Jan- 
uary at the Medway College of Tech- 
nology, under the Chairmanship of Mr. 
R. A. Lidstone. The Committee arranged 
a number of demonstrations of welding 
and allied equipment, and the afternoon 
and evening sessions were attended by a 
total of 312 members and _ visitors. 
Members were particularly pleased to 
meet two members who have contri- 
buted greatly towards the success of the 
Institute in the Medway area—Mr. A. C, 
Burnett and Mr. C. S. Milne. 

The meeting was opened by Mr. C. P. 
Oldridge, a Naval Constructor at H.M. 
Dockyard, who gave a_ descriptive 


P. Oldridge (eft) watches the cutting of a steel pipe by a 


(Courtesy Chatham Observer) 
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address, followed by demonstrations of 
several companies’ equipment 

Great interest was shown in these 
demonstrations, which included argon- 
arc welding of pipelines using E.B 
Inserts, Sigmette thin-wire welding of 
aluminium and mild steel, CO, welding, 
and arc-air cutting and gouging. Also 
demonstrated were C. S. Milne’s tube 
profile cutting machine and ultrasonic 
inspection equipment. Among the static 
displays were radiographic inspection 
equipment and samples of Vertomatic 
welding 

From the number present and the 
almost continuous demonstrations nec- 
essary to meet the demand of both 
sessions, it was felt that the Committee's 
intentions of giving members an oppor- 
tunity of seeing various types of equip- 
ment which they might not see in the 
ordinary course of events, had been 
fully realized 


D.W.D 


A general meeting of the Branch was 
held at The Institute of Engineers and 
Shipbuilders, Glasgow, on Wednesd: y, 
20th January, under the chairmanship 
of Mr. D. B. Kimber. A paper entitled 
“Photo Electric Automatic Flame Pro- 
filing’ was presented by Mr. Sperling 


The speaker introduced the subject by 
giving a brief history of the machine 
Development work started on it in 1943, 
but the first one was not in use until 
1953. Since then, 60 have been installed 
in various parts of the world, 44 in 
shipyards. This was illustrated by slides 
which showed them in operation in 
Germany, Sweden, Japan and _ the 
United Kingdom 

Mr. Sperling went on to explain, with 
the aid of slides and diagrams, the de- 
sign and operational characteristics of 
the machine, which consists of a control 
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panel with booms extending on each side, 
which can accommodate three cutting 
heads each. The photo-electric cell follows 
an optical path from the lines on the tem- 
plate, and passes a signal to the servo- 
motor which controls the cutting heads 
that are self-compensating. Therefore, 
there is no difficulty in keeping the correct 
nozzle height on plates that are warped. 

The templates can be made in the 
drawing office, the scale used being 1-10. 
These are then photographed, reducing 
the size to 1-100. The negative produced 
is the template. To produce these, very 
little extra equipment other than that for 
normal drawing office work is required. 

Two plates can be cut simultaneously, 
of the largest size available and up to 
6 in. thick. K, Y, V and X type prepara- 
tions can also be cut from the informa- 
tion on the templates 

The advantages of the process were 
summed up by the speaker under two 
categories; invisible savings and hidden 
savings. Examples are: high cutting 
speeds, 75°,, burning efficiency, saving 
in storage space for templates, accuracy 
of cut, suitability for a planned system 
(thereby cutting down the number of 
standard size plates for stock), and sav- 
ing in scrap. 

In the discussion that followed, a large 
variety of questions were put to the lec- 
turer, who dealt with them very capably. 

Mr. J. Roberts, Vice-chairman, pro- 
posed the vote of thanks, saying that Mr. 
Sperling's lecture would stimulate much 
discussion on flame planing in the 
months to come, and the audience 
showed their appreciation in the usual 
manner 


At the January meeting of the Branch 
Mr. C. J. Teece presented a paper on 
“Some Aspects of Electronic Control in 
Welding™ 


The *Monopol’ automatic flame planer 


1960 


He opened his talk by stating that 
hitherto ‘electronics’ in welding had 
been largely confined to the resistance 
welding field. There is, of course, no 
reason why the problems encountered in 
arc welding should not be solved by 
electronic engineers in a similar way, 
and in fact several developments are 
now in hand. Unfortunately, some of 
these are of a confidential nature, par- 
ticularly arc-length control systems, and 
Mr. Teece regretted that he was unable 
to give many details. 

The main objective of electronic con- 
trol is to lead to a simplification of the 
process with a view to reducing the need 
for operator skill, or to increase the 
uniformity and quality of the product 
The ultimate trend is, of course, to fully 
automatic control. The majority of 
applications call for a closed-loop con- 
trol system in which a signal is fed back 
from the controlled unit and compared 
against a predetermined reference signal. 
The difference is compared electronic- 
ally, amplified, and a suitable correction 
is then applied. 

Mr. Teece described the application 
of this principle to a.c./d.c. convertors 
for variable speed motor control, and 
stated that a highly stable load/speed 
characteristic could be obtained coupled 
with fine speed regulation. This was 
essential for welding equipment, such as 
work and welding-head manipulators. 
The importance of accessibility, unit 
construction, printed circuits and tran- 
sistorization was emphasized in con- 
nection with maintenace and servicing; 
with good design it was now quite 
possible for electronic equipment to be 
serviced by normal electrical staff after 
an introductory course of only | or 2 
weeks duration. 

In regard to resistance welding, a very 
wide range of control circuits is used. 
Probably the most important element is 
the Ignitron contactor, two of which 
may be connected together in inverse 
parallel to give electronic switching for 
the positive and negative waves of an 
a.c. cycle. Currents of 606 amp can be 
effectively handled by a pair of tubes 
only 4 in. dia. by i2 in. long. Power 
control of these contactors can be 
effected by controlling the point at which 
the tube fires at each half cycle, this 
being achieved by means of the control 
grid of associated Thyratron valves. By 
using this ‘phase-shift’ method of heat 
control the number of tappings on a 
resistance welding transformer can be 
considerably reduced. 

Another important element in resist- 
ance welding controllers is the timer, 
which may be either synchronous or 
non-synchronous. The latter will usually 
be perfectly satisfactory for applications 
where the welding time, (or delay time) 
is greater than 5 cycles, but some diffi- 
culties associated with transient condi- 
tions may necessitate the use of a 
synchronous timer, the cost being about 





8 times greater. The basis of the modern 
synchronous timer is usually the Deka- 
tron counter tube, which is arranged to 
count the number of supply half cycles 
and to operate a relay when the count 
has reached a preset point. 

The special requirements of the gas- 
turbine industry have made necessary 
further refinements such as slope con- 
trol and automatic constant-current 
control which eradicate variations in 
weld current due to supply voltage 
fluctuations or changes in machine 
reactance as metal is introduced into 
the throat of the welding machine. 

Mr. Teece concluded his talk with 
indications of future trends in electronic 
control and said that the manufacturers 
were now in a position to give a com- 
plete service to the welding industry on 
all aspects of the subject. He hoped that 
arc-welding engineers would not be 
slow to take advantage of this. 

A long discussion followed in which 
technical and non-technical questions 
were dealt with expertly. Economics and 
maintenance [considerations seemed up- 
per-most in the minds of many of those 
present, but Mr. Teece was able to 
satisfy his questioners on these points. 
A vote of thanks for an excellent paper 
and discussion was proposed by Mr. 
Askin and received unanimous support. 

B.K.B. 


BRITISH WELDING RESEARCH 
ASSOCIATION 
Design of Welded Pipe Fittings 

The Association has published a new 
handbook, “The Design of Welded Pipe 
Fittings’ under the authorship of 
P. H. R. Lane, B.Sc. (Eng.), A.1.M.., 
and R. T. Rose, B.Sc., Ph.D. 

The purpose of this work and the 
nature of its contents are best described 
by quoting Hugh Ford, Professor of 
Applied Mechanics, University of Lon- 
don, who writes, as a foreword to the 
publication: 

“Since its inception in 1945 the 
British Welding Research Association 
has been actively aware of the fact that 
the increasing application of welding 
permits, and in many cases demands, a 
more rational approach to mechanical 
design than has hitherto been the case. 
The time-honoured, essentially practical, 
approach has been to use relatively 
inexact design methods together with a 
large factor of safety to cover deficiencies 
in joints, and, to a great extent, gaps in 
the designer's knowledge of the stresses 
acting in complex components. The 
proper use of welding can eliminate the 
deficiencies of the joints, but its full 
economic advantages are not available 
until there is a better understanding of 
the stress systems actually arising in the 
equipment to be designed. Part of the 
work of the British Welding Research 
Association has been aimed at supplying 
such an understanding. 
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“This booklet summarizes the work 
on piping components. It gives details 
of extensive stress measurements on 
pipe bends, or welding elbows. Von 
Karman’s classical method of calculat- 
ing the stresses has been extended to be 
applicable to short-radius and _thin- 
walled bends which have been increas- 
ingly used in recent years. The experi- 
ments have confirmed the validity of 
the proposed calculation. 

“Stress measurements on fabricated 
branch connections are also described. 
These give a rational! basis for a compar- 
ison between the effectiveness of various 
forms of reinforcement currently in use, 
or which have been proposed for use. A 
further section deals with fatigue 
strength of pipe butt joints, and of 
various designs of end closures for 
model headers. From this work, import- 
ant conclusions have been drawn con- 
cerning detail design of welds to attain 
maximum efficiency, and the importance 
of various classes of defect. 

“A final section gives guidance on the 
application in practical design work of 
the research data reported. 

“The booklet does not attempt to be 
a pipe-line designer's manual, but to 
provide vital supplementary information 
on details intimately concerned with the 
welding of pipelines and fittings.” 


OTHER SOCIETIES 
New Zealand Institution of Engineers 


The 1960 Angus Award of the New 
Zealand Institution of Engineers for 
papers on subjects relating to mechanical 
engineering, has been given to Mr. R. S. 
Bolton, B.E., D.1L.C., A.M.LC.E., for 
his paper entitled ““Metal-Arc Welding 
of Mild Steel Plate’ which was pre- 
sented to the New Zealand Institution 
of Engineers, and subsequently at the 
British Commonwealth Welding Con- 
ference in June 1957. 


South African Institution of Welding 


At the Eleventh Annual General 
Meeting of the Institution, held in 
Johannesburg on 18th February, 1960, 
Dr. A. J. P. Tucker was elected Presi- 
dent, and Mr. H. R. J. Bishop and Mr. 
C. Rogers Vice-Presidents. 

Dr. Tucker, who is Materials Engin- 
eer with African Explosives and Chemi- 
cal Industries Ltd., was formerly in the 
Billingham Division of I.C.1. Ltd. 
During the induction of the new Presi- 
dent, the Presidential Shield and Presi- 
dential Certificate were presented to 
Mr. J. F. Atwell, the retiring President. 

The following Awards of the Institu- 
tion were presented at the Annual 
Dinner, held on 27th February: 
Harvey Shacklock Award, 1958, to R. D. 

Gennell for his paper “Welding Re- 

pairs to Locomotives” 


387 


Hall Longmore Award. 1958, to L. A. 
Woodworth for the best contribution 
made to the advancement of the art, 
science, and craft of welding in 
South Africa. 


Quality of steel 


The West of Scotland Iron and Steel 
Institute are sponsoring in Glasgow on 
Friday, 13th May, an all-day conference 
on “Internal Defects in Steel and Methods 
of Their Assessment”. 

The following papers have been pro- 
mised: Service experience and inspec- 
tion considerations; Methods of assess- 
ing internal quality of steel tubes and 
welds; Importance of internal quality in 
welding; Significance of defects in rela- 
tion to users, with particular reference 
to castings and forgings; Internal de- 
fects in plates; Internal defects in steel 
castings; Internal defects in large cast- 
ings and large forgings; Internal quality 
of steel. 

Membership of the conference is open 
to members of any technical society. 
Application for registration should be 
made by letter, not later than 4th May, 
to the Secretary of the West of Scotland 
Iron and Steel Institute, Mr. P. W. 
Thomas, 39 Elmbank Crescent, Glasgow, 
ez. 


Refresher Course for Older Graduates 


The Department of Metallurgy, Bat- 
tersea College of Technology, London, 
S.W.11, has organized a number of 
refresher courses for older graduates, to 
be given at the College during the 
Easter and summer vacations in the 
current session. The courses will last 3 
to 4 days and will be given by members 
of the College staff and visiting lecturers. 

The first was held from Sth—8th April 
on “The Structure of Metals and Alloys” 
and two other courses have been planned 
for the summer vacation: “Develop- 
ment in Foundry Practice” in July, and 
‘Austenitic Transformation—The Pres- 
ent Position’ in September. 

The courses are intended for metal- 
lurgists who, having completed their 
academic studies some years ago, may 
now like to survey the present state of 
knowledge in fields additional to their 
own speciality. 


NEWS FROM INDUSTRY 


Aluminium alloy pipes for methane 


The success of the first experimental 
trial shipments of liquid methane in the 
specially converted vessel, “Methane 
Pioneer’ was reported in the April 1959 
issue of the B.W.J. 

At the North Thames Gas Board's 
Canvey Island installation, the liquid 
methane is pumped into storage tanks 
and later from the tanks to evaporators, 
after which the gas is compressed and 
passed on for further processing. 
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Some of the insulated pipes linking 
the storage tanks to other parts of the 
installation are shown in the accom 
panying illustration. This pipework is 
in the aluminium—magnesium-silicon 
alloy HT.9, and amounts to 1450 ft, in 
sizes ranging from 3 to 12 in. bore. It 
was fabricated and erected by Shaw- 


Petrie Ltd. of Glasgow, who also sup- 
plied 1100 ft of mild steel tubing for gas 
lines and other ancillary lines on the site 

This Company has also fabricated a 
2 in. line in the aluminium—manganese 
alloy NT.3 to carry oleic acid for the 
new ethylene oxide plant being con- 
structed by George Wimpey & Co. Ltd 
at Fawley, Hants 


Cleaning large fabrications 

For many large fabrications—reactor 
vessels, chemical plant, heavy power 
plant, and the like—it has been a 


serious problem to apply methods of 


ipplication of ‘open’ Vacu-Blast equipment 


grit blasting that would not involve 
laborious ‘cleaning-up’ operations. Most 
of these structures have to be perfectly 
free from dust and loose particles before 
they are put into service. 

4 solution to the problem has been 
developed by Vacu-Blast Ltd. from 
their standard range of closed-circuit 
grit-blasting machines. The ‘open’ Vacu- 
Blast technique, for which the Major 
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Mark II machine has been specially 
designed, uses an ‘open surface’ grit gun 
but retains the vacuum adjacent to the 
point of impact so that most of the dust 
is recovered at once. Facilities are also 
provided for the recovery of spent 
abrasive by applying the vacuum hose to 
the areas where this has collected 


{/uminium alloy pipework 
for methane distribution at 
Canvey Island 


Radiography of thick materials 

An instrument for the non-destructive 
testing of very thick materials and for 
research with high energy X-rays and 
electrons has been made by Brown 
Boveri & Co. of Switzerland. The radia- 


High-energy equipment for radiography 


tion energy is adjustable up to 31 Mev 

and in some models up to 35 Mev. The 
instrument is now being marketed in the 
United Kingdom by Watson & Sons 
(Electro-Medical) Ltd., North Wembley. 


STUB ENDS 
> Following the appointment of Captain 
R. A. Villiers, C.B.E., as the first 
Director of the Scientific Instrument 
Manufacturers’ Association of Great 
Britain, in October last, Mr. G. I 
Knight has been appointed his Assistant 


P Ing. Ind. Carlos A. Boces has been 
elected President of the Uruguayan 
Institute of Welding 


CORRECTION 


Low-Temperature Properties of 
Aluminium Alloys 


Our attention has been drawn to two 
errors appearing in papers and discus- 
sion on this subject: 


(a) Tomlinson and Jackson (November 
1958, p. 500). The bottom curve in 
Fig. 2 should be a full line (proof 
stress) not dashed 

(6) Lismer—author’s reply (March 1960, 
p. 155). In Table IV the filler rod 
under NE.5 in the last column 
should be Al-5 °,Si (not Al-5°4Mg) 


DIARY 


2nd—Sth May—School of Welding Tech- 
nology—Course D.7/2 “Ultrasonic 
Inspection” 

2nd-4th May—Non-Destructive Testing 
Group (Institute of Physics, joint with 
the Société Francaise de Métallurgie) 

3rd-4th May—Society for Analytical 
Chemistry “ Determination of Gases in 
Metals” (in conjunction with Iron and 
Steel Institute and Institute of Metals) 

3rd—13th May—Mechanical Handling 
Exhibition, Earls Court, London. 

6th May Wolverhampton 
Dinner and Ladies Night 

9th-11th May—lInstitute of Welding 
Spring Meeting (Droitwich) 

16th-19th May—School of Welding 
Technology—Course D.29, Course 
for Supervisory Staff. 

17th-20th May—Deutsche Verband fiir 
Schweisstechnik—Welding Confer- 
ence and Exhibition, Munich. 

2ist May—School of Welding Techno- 
logy—Course D.9/2—Special Course 
for Nurses on Health and Safety in 
Welding 

30th-May—2nd June— Ist Internationa! 
Pipes and Pipelines Exhibition (Earls 
Court, London) 


Annual 
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WELDING 


LITERATURE 





Book Reviews 
{dditions to the Institute Librar) 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 
This section is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 
from other journals and short notes are generally exclud- 
ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 
Processes, published by the International Institute of 
Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


Welding Journals 


Australian Welding Journal, 1959, vol. 3, October 
A review of welding practice at the Australian Atomic Energy 
Commission Research Establishment, F. L. Bett (24-28) 
Welded construction at Jodrell Bank (29-31) 


Australian Welding Journal, 1959, vol. 3, November 
Science applied to welding, C. M. Burford (7-10) 
Welding testing and certification as adopted by the Hydro- 
Electric Commission, Tasmania, J. R. MacDonald (15-16) 
Welded construction at Jodrell Bank, Part 2 (19-20) 
Electric blanket brazing, D. E. Wernz (27-28) 


{utomatic Welding, (U.S.S.R.. 
B.W°R.A.), 1959, July. 
A criterion for fatigue fracture in welded joints, V. | 
Butt seam welding of mild steel cover plates, S. K 
B. M. Nekrasov, E. M. Mikhailova 
Butt welding of carbon and alloy steel wire, A 
4. A. Fofanov 
Analysis of the properties of direct acting arc voltage regulators, 
using d.c. motors, E. 1. Slepushkin 
The effect of cold deformation on the y > o change in welds in 
type 25-20 steel, Yu. B. Malevskii and B. I. Medovar 
The effects of alloying elements on the weldability of copper by 
automatic argon-arc with tungsten electrodes, M. V. Poplavko, 
L. G. Strizhevskaya, K. G. Nikiforova 
Basic principles of the cold welding of metals, G. P. Sakhatskii 
Strength of open railway waggon spot welded doors, A. A 
Kazimirov, G. O. Olifer, V. P. Morgun, B. I. Blagodatski:, 
N. D. Portnoi, M. M. Lyalin 
Automatic CO, welding of small vehicle parts, D. A. Dudko, 
B.E. Paton, A. C. Potap’evskii, V. S. Mechev, V. V. Misozh- 
nikov 


translated by the 


Trufyakov 
Sliozberg, 


T. Galaktionov, 


Measures to prevent crystallization cracking at the ends of butt 
welds, A. E. Asnis, R. I. Lashkevich 

An automatic machine for setting up and welding hollow steel 
spheres, P. I. Sevbo, G. P. Dubenko, V. Ya. Dubovetskii 
Electro-slag welding of a blast furnace casing, Arc Welding 
Institute Department for Scientific and Technical Informa- 
tion 

Mechanized surfacing with a layer of BrAZHMts 10-3-1.5 
aluminium bronze, V. V. Podgaetskii 

Participation in the work of the International Welding Institute 
by Soviet organizations, A. 1. Krasovskii 

Foreign specialists at the E. O. Paton Arc Welding Institute, 
M.S. Zil’bman 


{utomatic Welding, (U.S.S.R., translated by the 
B.W.R.A.), 1959, August. 


Vacuum electron-beam welding, N. A. Ol'shanskii 

Certain features of techniques for welding by electron beam in 
a vacuum, B. A. Movchan, D. M. Rabkin, S. M. Gurevich, 
and S. D. Zagrebenyuk 

Selection of current frequency for low-frequency resistance 
welding machines, V. K. Lebedev and N. V. Podola 
Electro-slag welding of low-alloy type M steel, S. A. Ostrov- 
skaya 

Investigation of creep in weld metals in heat-resistant steels, 
Report Il, N. L. Kareta 

Procedure for corrosion testing welded joints in aluminium by 
nitric acid, D. M. Rabkin, N. A. Langer, L. N. Yagupol’skaya 
and V. D. Pokhodenko 

Nature of crystallisation cracking when welding austenitic 
steels and alloys, B. |. Medovar 

Use of the ADS-1000 automatic welding machine for surfacing 
with strip electrodes, G. V. Ksendzyk 

New types of equipment for argon-arc welding with non- 
consumable electrodes, |. V. Varlamov 

Manufacture of cast-and-welded ingot chariot frames, Yu. N 
Zaitsev 

All-metal ignitrons for resistance welding, Yu. D. Khromoi 
and A. M. Arsh 

Effect of CO. humidity on the hydrogen content of weld metal, 
V. IL. Lakomskii and Yu. N. Vakhnin 

Mechanized welding of blast furnace hot-blast stoves, B. f 
Lebedev 

The R-912 machine for the automatic CO, welding of smal! 
diameter circumferential joints, D. A. Dudko 

Second scientific and industrial conference on vibro-arc sur- 
facing, |. R. Patskevich 

Popular science films for welders, A. A. Trushchenko 

At the E. O. Paton Arc Welding Istitute, M.S. Zil ban 
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Canadian Welder, 1959, vol. 50, November 


Industrial radiography with isotopes, J. A. Reynolds (12, 14) 
“Button weld” system (18-19) 


Journal of the Japan Welding Society, 1959, vol. 28, 
December 


Observations on the studies on weldabilities of structural 
quenched and tempered steels, Part 1, T. Yoshida, K. Mat- 
sunga and H. Oba (3-12) 

On the welding of manifold tube for ethylene tank car, |. Saka- 
kibara and S. Ushioda (13-17) 

Effect of alloying elements on notch toughness of basic weld 
metals, Report 1, H. Sakaki (18-23) 

Continuous cooling transformation diagrams of various steels 
submitted to welding, Report 7, H. Sekiguchi and M. Inagaki 
(24-30) 

Researches on hot start, Report 2, E. Sugihara and others 
(31-40) 

Study on welding of low alloy high strength steel, Report 5, 
Y. Ito and others (41-49) 

Spot welding of 18-8 stainless steel through a sealer, T 
Nakamura (50-54) 

On the welding of rail joint by non-pressure thermit method, 
S. Morita, |. Ito and T. Yonei (55-61) 


Przeglad Spawalnictwa (Poland), 1960, vol. 12, No. 2 
Are and resistance welding in railway carriage construction» 
Part 1, A. Kuleczka 
Flux recovery from workshop waste, Part 1, M. Mysliwiec 
Hard surfacing with Stel 1 electrodes, S. Zembaczynski and 
M. Guzik 


Welding application to the construction of ship castings, R. 
Pasierb 


Schweisstechnik (Germany), 1960, vol. 10, January 
A contribution to the study of metal transfer in the welding arc, 
Part 2, F. Erdmann-Jesnitzer, C. Herrmann, E. Buhrig, 
J. Schubert (2-8) 
On the possibility of investigating arc-phenomena during CO,- 
welding by means of infra-red photography, R. Probst and J 
Wodera (9-11) 
Analysis with regard to the application of automatic welding 
apparatus, A. Fichte and E. Gerschner (12-16) 
The work of the ZIS in the field of oxy-acetylene welding and 
cutting and its significance with regard to health and safety 
practices, G. Kurschner (17-19) 
Carelessness in welding operation—a frequent cause of fire, 
F. Pochert (21-23) 


Welding and Metal Fabrication, 1950, vol. 28, February 


The joining of beryllium, N. F. Eaton, J. Skinner and A. J 
Martin (46-52) 


Progress on the Forth Bridge. Report no. 1; Temporary works, 
4. G. Thompson (53-59) 


Forming cold alloy steel by impact extrusion (60) 


High productivity in structural engineering, Part 1, D. M 
Potter (61-68) 


Automatic welding in the U.S.S.R.; a Russian statement of 
policy (69) 


The manufacture of marine oil engines, J. E. Smith (70-76) 


Welding Bulletin (New Zealand), 1959, No. C.32., 
December 
Subzero welding in the Antarctic, D. Pratt (2-6) 


Welding Design and Fabrication (U.S.A.), 1960, vol. 33. 
January 


New automatic process speeds vertical welding of heavy plate 
(36, 69-70) 
Breakthrough for titanium-clad vessels (46-47) 


Alloy steel pressure vessels are proofed at 155,000 p.s.i., 
P. C. Simmons and W. Sponheimer (52-53, 79) 





Design for cold-welding makes vacuum-tight copper joints 
(54-55) 


Welding Engineer (U.S.A.), 1960, vol. 45, January 


Fundamentals of brittle fracture, B. Ronay (28-29) 


Multiple-power sources invade automotive field, F. T. Tancula 
(30-31) 


Welding cuts costs 35°,., increases torsion rigidity on re- 
designed lathe, E. Duesing (32-34) 

How to simplify machine bracket design (36-38) 

Electroslag welding of heavy sections (46) 


Electronically-guided flame-cutter, arc welding build precision 
towers, F. T. Tancula (48, 50) 


Welding Journal (U.S.A.), 1960, vol. 39, January 
Automatic welding procedures in the fabrication of plate girders, 


C. A. Zwissler (13-18) 


Butt welding steel sheet by the foil-seam process, L. W 
Mecklenborg (19-28) 


Thermal fatigue and high-temperature brazements, R. | 
Peaslee (29-33) 
Ultrasonic weld inspection at work, J. E. Bobbin (34-38) 


Huge weldments are critical in structure of new Pittsburgh 
Auditorium, C. W. Lytton (40-42) 


‘The welding of ductile iron, G. R. Pease (1s—9s) 

Plastic properties of alumini gnesium weldments, S. S. 
White and others (10s—19s) 

Correlation of toughness between H-plate and Charpy-impact 
tests, W. P. Hatch (20s- 30s) 

Impact characteristics of heat-affected zones in Mn-Mo armor 
steels, E. F. Nippes and others (31s-39s) 

An investigation of welded crack arresters, R. J. Mosborg 
(40s-48s) 





(Philips’) Welding News (Holland), 1959, No. 105, 
October 


The welding of high resistance steels in large constructions, 
P. R. Desfosses (10-11) 


Hardfacing and wear-resistant layers (12-17) 


Zvaranie (Czechoslovakia), 1960, vol. 9, January 


The third five-year plan and the development of the welding 
techniques, J. Cabelka (1-2) 

Contribution to the calculation of fillet welds under tensile and 
shearing stress, F. Faltus (2-5) 

Carbon dioxide gas-shielded welding and certain work of the 
Welding Research Institute in this line, L. Muncner and others 
(6-14) 

Mechanical properties of electro-slag welded joints, O. Izdinsky 
(14-18) 


Welded naphta motor frames for railway traction, R. Krnak 
(18-22) 


Other Journals 


Welding set-ups aid big telescope project (Canadian Machinery, 
1959, vol. 70, October, pp. 152-154) 

**Oriana”—the aluminium superstructure (Light Metals, 1959, 
vol. 22, November, pp. 256-257) 

The construction of a 180 H.P. boiler, F. S. Clark (New 
Zealand Engineering, 1959, vol. 14, September 15, pp. 317-318) 
A commentary on the new British Standard 449 (1959): The use 
of structural steel in building, J. Mason (The Structural 
Engineer, 1959, vol. 37, November, pp. 335-342) 

Accurate welding of thick plate (Engineering, 1959, vol. 188, 
November 13, p. 490) 

Welding with an electron beam ( Metal Progress (U.S.A.), 1959, 
vol. 75, June, pp. 119-120) 

Contact welding in thermostats, R. J. Bishop and P. Howarth 
(G.E.C. Journal, 1959, vol. 26, No. 3, Summer, pp. 114-119) 
Explosive welding is on the way (Sfee/ (U.S.A.), 1959, vol. 145, 
November 2, pp. 90-91) 
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ROSS Booms for Automatics 


Ross welding head manipulators are made for all 
types of automatic machines and are supplied for a 
wide variety of applications. Standard equipments 
are available in various sizes and special columns 
and booms can be designed to suit individual require- 
ments. All these equipments combine rigidity with 
the minimum deflection under every operating 
condition. The Ross boom is driven by a positive 


rack and pinion through a D.C. geared motor which 
is electronically controlled and provides a stepless 
variable range of 4—80 in. per minute. Raising and 
lowering is by means of a constant speed A.C. geared 
motor with an electro-magnetic brake. The elevating 
speed is 60 in. per minute. The column can be rotated 
on its fabricated steel base which can be mounted on 
castors or supplied as a trolley operating on a track. 


DONALD ROSS & PARTNERS LTD., Twinner Works, Gatwick Road, Crawley, Sussex, 


MAY, 1960 


Telephone: Crawley 25061/3 
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The 45,000 ton P & O liner “Canberra” is Britain’s latest and biggest post-war passenger ship. 


‘CANBERRA’—welding equipment by Quasi-Arc 


In the world’s largest shipyard, that of Harland & Wolff Ltd., 
Belfast, the “Canberra” takes shape. A hull of steel, a super- 
structure of aluminium—this is the modern formula for speed 
and stability. And for modern welding methods, shipbuilders 
choose Quasi-Arc. 

All the electric welding on the “‘Canberra’’, of steel and aluminium, 
manual and automatic, is being carried out with Quasi-Arc 


electrodes and equipment. 
Millions of feet of VORTIC, RADIAN, and special electrodes, 
transformer and rectifier plant, semi-automatic LYNX equip- 
‘ I , N& equip One of the two automatic welding gantries supplied by Quasi-Arc 
ment, self-propelled automatic welding machines and automatic for work on the ““Canberra’’. Both gantries are fitted with twin 
. - SIGMA welding heads for the butt or twin-fillet ding of 
welding gantries for steel and aluminium—these are some of iMA elding heads yor se hind eS ne & 
. ; Ra aluminium superstructure sections. A third gantry ts available 
Quasi-Arc $ contributions to the construction of the ““Canberra’’. for the welding of steel by the UNIONMELT process. 


Quasi-Arc (t i world leaders in arc welding 


Quasi-Arc Limited - Bilston - Staffordshire - Telephone: Bilston 41191 





CONTENTS OF PERIODICALS RECEIVED 39] 


Electron beam welding—one of the newest metalworking tech- 
niques (Machine Production (Canada), 1959, vol. 18, October, 
pp. 17-18, 54) 

Radio-frequency induction heating—an interesting report of 
practical experience (Brown Boveri Review, 1959, vol. 46, 
April, pp. 271-273) 

Welding equipment for body assembly (Sheet Metal Industries, 
1959, vol. 36, November, pp. 730-741) 

Better welding techniques (Engineering, 1959, vol. 188, 27 
November, pp. 562-3) 

Oxy fuel-gas cutting equipment (Machinery Lloyd, 1959, vol. 
31, 21 Nov., pp. 47-48) 

Brazing stainless steel honeycomb, T. A. Dickinson (Machine 
Shop Magazine, 1959, vol. 20, Dec., pp. 681-86) 

Penetrants for non-destructive testing, R. Schnurmann ( Engin- 
eering, 1959, vol. 188, 20 Nov., p. 515) 

Leak detection, W. Steckelmacher ( Nuclear Engineering, vol. 4 
Dec., pp. 450-53) 

Non-destructive testing in nuclear engineering, W. E. Schall 
( Nuclear Engineering, 1959, vol. 4, Dec., pp. 438-440) 
Radiographic inspection, R. S. Forbes (Nuclear Engineering, 
1959, vol. 4, Dec., pp. 442-45) 

Inspection of nuclear components, A. F. Gifford and B. J. 
Litting (Nuclear Engineering, 1959, vol. 4, Dec., pp. 446-7) 
Examining welded pipework ( Nuclear Engineering, 1959, vol. 4 
Dec., p. 457) 

Ultrasonics improves quality of heat-exchanger tubing (7he 
Iron Age (U.S.A.), 1959, vol. 184, Nov. 19, pp. 122-3) 

Some trends in steel pipelines, 1. Alexander ( Pipes and Pipelines, 
1959, vol. 4, Oct. Pipeline Engineering Section, vol. 1, No. 1, 
pp. ii-iv) 

Ultrasonic welding ( Mechanical World, 1959, vol. 139, Nov., 
p. 464-5) 

Welding with electrons leaves the lab. (Metalworking Produc- 
tion, 1959, vol. 103, 20 Nov., pp. 1879-82) 

Stress relieving a large reactor pressure vessel (Mechanical 
World and Engineering Record, 1959, vol. 139, pp. 448-49) 
Feedback control commands reliable resistance welds, R. R. 
Irving (ron Age (U.S.A.), 1959, vol. 184, 26 November, 
pp. 91-93) 

Silver aluminium alloys for brazing titanium and its alloys, 
H. C. Davis ( Metallurgia, 1959, vol. 60, November, pp. 205 
211) 

The production of cored solder wire, C. J. Thwaites (Tin and 
its Uses, 1959, No. 48, Autumn, pp. 7-10) 

Non-destructive testing in welding, W. E. Schall (Solus Schall 
News on Non-Destructive Testing, 1959, No. 15, December, 
pp. 10-16) 

Automatic ultrasonic testing of thick butt-welded seams (Solis 
Schall News on Non-Destructive Testing, 1959, No. 15, 
December, pp. 18-22) 

Standards and quality control in welding, R. M. Gooderham 
(Machine Production (Canada), 1960, Directory Number 
(November 1959), pp. 181-188) 

Welding magnesium alloys; Part 1, Argonare welding (Metal 
Industry, 1960, vol. 96, 8 January, pp. 26-28) 

Welding techniques for rare metals (Commonwealth Engineer 
(Australia), 1959, vol. 47, 5 November, pp. 49-50) 

Welding aluminium and its alloys: Il—The consumable 
electrode process (Metal Industry, 1959, vol. 95, 11 December, 
pp. 407-409) 

Welding aluminium and its alloys: II1l—Tungsten arc process 
(Metal Industry, 1959, vol. 95, 18 December, pp. 431-434) 
The problem of brittle fracture of mild steel in welded ship 
construction, S. K. Basu (7rans. Institute of Marine Engineers, 
1959, vol. 71, November, pp. vi-vul) 

Welding a gas pipeline (Pipes and Pipelines, 1959, vol. 4, 
November, pp. 38-39) 

Metallic materials and process development for airframe 
applications, S. G. E. Nash (The Production Engineer, 1960, 
vol. 39, January, pp. 32-44) 

Thin wire welding (Metal Industry, 1960, vol. 96, January, 
p. 6) 

How to buy better welding quality, H. Thielsch (Sree/ (U.S.A.), 
1959, vol. 145, 14 December, pp. 94-95) 


“Electroslag’”’ automatic welding (Machinery Lloyd, 1959, 
vol. 31, 19 December, pp. 49-50) 

Electro-slag welding in action, P. Trippe (Metalworking Pro- 
duction, 1959, vol. 103, 18 December, pp. 2050-2052) 
Electron beam welding: a comparison with conventional 
shielded-arc methods, N. F. Eaton ( Nuclear Engineering, 1960, 
vol. 5, January, pp. 19-22) 

Corrosion Resistances; Part 2, Materials, J. Hinde (New 
Zealand Engineering, 1959 vol. 14, November, pp. 388-392) 
New welding processes (Commonwealth Engineer (Australia), 
1959, vol. 47, December 5, pp. 28-29) 

Spotlight on welding (Metal Progress (U.S.A.), 1959, vol. 76, 
December, pp. 123-124, 162, 164) 

The fatigue strength of sprayed-copper coatings, J. Salokangas 
and P. Lehto (Engineers’ Digest, 1960, vol. 21, January, pp. 
105-106; (from Acta Polytechnica Scandinavica, Finland, 
Mech. Eng. Series no. 6, 1959) ) 

Recent theories about technical radiography, R. Wideroe 
(British Journal of Non-Destructive Testing, 1959, vol. 1, 
December, pp. 23-31) 

A discussion on the utilisation of eddy current non-destructive 
test equipment by corrosion engineers, G. G. Page (British 
Journal of Non-Destructive Testing. 1959, vol. 1, December, 
pp. 32-37) 

Ultrasonic flaw detector, | ZD-7N, Yu. V. Bogosloski (A 
review by C. Campkin of the translation from the Russian, 
C.E.G.B. Trans. no. 1366) (British Journal of Non-Destructive 
Testing, 1959, vol. 1, December, pp. 38-39) 
High-temperature sandwich; manufacture of resistance-welded 
stainless-steel corrugated-core material, J. W. Scheuch (Air- 
craft Production, 1960, vol. 22, February, pp. 48-56) 

Rene 41 . . . New higher-strength nickel-base alioy, R. J. 


Morris (Metal Progress (U.S.A.), 1959, vol. 76, December, 
pp. 67-70) 


How to fabricate A-286, L. J. Hull (Metal Progress (U.S.A.), 
1959, vol. 76, December, pp. 76-80) 


Magnesium. . . Recognition leads to expanding markets ( Metal 


Progress (U.S.A.), 1959, vol. 76, December, pp. 114-117) 
Porosity in aluminium alloy welds, F. R. Collins (Metal Pro- 
gress (U.S.A.), 1959, vol. 76, December, pp. 188-190) 

How industry can use beryllium, Part 2; Physical properties of 
the metal and special handling techniques employed in its 
fabrication, N. A. Hill (Engineering Materials and Design, 
1960, vol. 3, February, pp. 79-82) 

Welding magnesium alloys, Part 2; Gas and resistance welding 
(Metal Industry, 1960, vol. 96, 15 January, pp. 43-44) 
Ganga Bridge, Mokameh, H. K. L. Sethi (J. /nstn. Engineers 
(India), 1959, vol. 40, November, Part 1, pp. 69-101) 
European and American plumbing developments, Part 2; PVC 
pipe installations (The Plumber and Journal of Heating, 1960, 
vol. 81, January, pp. 30-34, 37-38) 

Solid fuel rocket chambers for operation at 240,000 p.s.i. and 
above — II, M. E. Shank and others (Metal Progress (U.S.A.), 
1959, vol. 76, December, pp. 84-92) 

Technical progress in shipbuilding during 1959 (The Ship- 
builder and Marine Engine-Builder, 1960, vol. 67, January, 
pp. 5-11) 

Is electron beam welding ready for the production line? M. 
Hablanian (/Jron Age (U.S.A.), 1960, vol. 185, January 14, 
pp. 66-67) 


ADDITIONS TO THE LIBRARY 


BOOKS AND PAMPHLETS 


AMERICAN STANDARDS AssoOctiATION. ASA B31.3-1959. Perrol- 


eum refinery piping. New York, A.S.M.E., 1959. 


AMERICAN STANDARDS ASSOCIATION. ASA _ B31.4~-1959. Oil 


transportation piping. New York, A.S.M.E., 1959. 


AMERICAN WELDING Society. Abstracts of technical papers 


presented at 1958 AWS Annual Spring Meeting and ASME 
Metals Engineering Division conferences, April 14-18, 1958, 
St. Louis. Mo. New York, A.W.S., 1959. (Price $2.00) 


British IRON AND STEEL RESEARCH ASSOCIATION. Corrosion 


Committee. Protective painting of structural steel, prepared by 
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F. Fancutt and J. C 
Ltd., 1957. (Price 215s) 

Brrrish STANDARDS INSTITUTION. BS.131: Part 2: 1959. Charp) 
V-notch impact test. London, B.S.1., 1959. (Price 4s) 

British WELDING RESEARCH AsSOcIATION: T.31A. The plastic 
properties of rolled sections. Abington, B.W.R.A., October 
1959. (Price 8s 6d) 

Design of welded pipe fittings, prepared by P. H. R. Lane and 
R. T. Rose. Abington, B.W.R.A., November 1959. (Price 15s) 

Great Britain. Ministry of Aviation. Technical Information and 
Library Services 
Second interim report on CO, shielding of metallic arc welding 
of aircraft steels and alloys combined with the use of C.P 
welding generators, prepared by B.W.R.A. under MOS con- 
tract 6/Aircraft/13832/CB6(b). London, Ministry of Aviation, 
September 1959. (S & T Memo. 7/59) 


Great Britain. Ministry of Defence. Joint Intelligence Bureau 
Guide to government department and other libraries and 
information bureaux. 12th ed. London, H.M.S.O., December 
1959 

Great Brirain. Treasury: Organization and Methods Division 
4 guide to government libraries. 2nd ed. London, H.M.S.O., 
1958. (Price 7s 6d) 

Haim, G. Manual for plastic welding. Vol. 3: Polyvinyl chloride 
London, Crosby Lockwood & Son Ltd., 1959. (Welding of 
plastics series). (Price 50s} 

INTERNATIONAL METALSPRAYING CONFERENCE, 2nd. Birmingham 
September 29-October 30, 1958. Papers presented. Dudley, 
Worcs., Association of Metal Sprayers, 1959. (Price £7 10s) 

Lioyp’s ReGctsTer OF SuippinG. Rules and regulations for the 
construction and classification of steel ships, 1959. London, 
L.R.S., 1959. (Price 42s) 

MEeRRIMAN, A. D. A dictionary of metallurgy 
ald and Evans Ltd., 1958. (Price 6 gns) 


Moretti, A., and Hinpen, R. Einfiihrung in die Verarbeitung 
von PVC, hrsgn. den S.V.S. Basel, Verlag Aargauer Tagblatt 
ag Aarau, April 1958. (Price 16s 6d) 

NORTHERN ALUMINIUM COMPANY LIMITED. Structural aluminium. 
London, Northern Aluminium Co. Ltd., 1956 

SocteTy FOR Non-DesTRUCTIVE 


Hudson. London, Chapman & Hall 


London, Macdon- 


TestinG. Non-destructive testing 
handbook, edited by Robert C. McMaster. 2 vols. New York 
Ronald Press Co., 1959. (Price £9 7s 6d) 

SomMERVILLE, J. M. The electric arc. London, Methuen and Co 
Ltd., New York, John Wiley and Sons, Inc., 1959. (Price 
12s 6d) (Methuen’s Monographs on Physical Subjects) 

SYNDICAT NATIONAL DE LA CHAUDRONNERIE ET DE LA TOLERIE. 
Code S.NC.T. No. 1—Construction des recipients sous pression 
interieure ou exterieure non soumis al action de la flamme. 2e 
ed. Paris, Editions Sedom, 1958. (Price 2400 fr.) 

The Shorter Oxford English Dictionary on historical principles, 
prepared by William Little, H. W. Fowler and J. Coulson, 
revised and edited by C. T. Onions. 3rd ed. rev. with addenda 
2 vols. Oxford, Clarendon Press, 1956. (Price £6 15s) 

The Oxford Atlas, edited by Clinton Lewis and J. D. Campbell, 
with the assistance of D. P. Bickmore and K. F. Cook. 
Rev. ed. Oxford, University Press, 1958. (Price £2 10s) 

WELDING RESEARCH CouNCIL. Bulletin Series. No. 52. A review, 
comparison and modification of present deflection theory for 
flat perforated plates, V. L. Saleron and J. B. Mahoney 
Correlation of experimental data with theory for perforated 
plates with a triangular hole array, L. Deagle. New York, 
W.R.C., July 1959. (Price $1.00) 

WELDING RESEARCH CounclIL. Bulletin Series No. 54: Bending of 
2:1 and 3:1 open crown ellipsoidal shells, by G. D. Galletly 
October 1959. 9 pp 

HENRY WIGGIN AND COMPANY 
caustic alkalies 
1958 


Lip. Wiggin Nickel Alloys v 
Birmingham, Henry Wiggin and Co, Ltd., 


BRITISH WELDING JOURNAL, MAY 1960 


Unirep Srates. Highway Research Board. Welded highway 
bridges. Analysis of inspection factors. Washington, D.C., 
National Academy of Sciences—National Research Council, 
1959. (H.R.B. special report No. 45). (Price $1.75) 


TRADE CATALOGUES 

Multiple welds produce difficult parts. Linde introduces a new 

service with the plasma arc torch. New welding method report 

Union Carbide “short-arc’ welding. New nozzles boost 
flame-cutting speeds. Products available from Union Carbide 
International Company. Union Carbide International Com- 
pany, Division of Union Carbide Corporation, 30 East 42nd 
Street, New York, N.Y., U.S.A 

Handbook of Waddington’s *‘Furno’ industrial gloves and pro- 
tective clothing. G. Waddington and Son Ltd., Newland, Hull. 

Joint design; the use of pre-placed brazing inserts. Silver-bearing 
soft solders. Functions of the flux. Joint design; general prin- 
ciples, clearances, surface condition. Argo-flo, argo-swift and 
argo-bond. Easy-flo and easy-flo no. 2. Johnson, Matthey and 
Co. Ltd., 73-83 Hatton Garden, London, E.C.1 

Sonoray ultrasonic flaw detector model 5 
Inc., Stamford, Connecticut, U.S.A 

Tuca tungsten carbide filled welding rods. Electro-chemical 
Research Laboratories Ltd., Tuca Division, 33 Knox Street, 
Marylebone Road, London, W.1 

Fabrication of small piping by weiding and brazing 
welded systems of small size pipe 
42nd Street, New York 17, N.Y., 

The welding of Elektron. James Booth and Co. 
Street Works, Nechells, Birmingham 7 

Oetiker Liquid and compressed air equipment. Hans Oetiker, 
Horgen (Switzerland) (Matchless Machines Ltd., 13 Totten- 
ham Street, London, W.1.) 

Priced catalogue of welding plant. C. G 
Colne Road, Twickenham, Middlesex 

Filler wire for inert-gas metal-arc welding. Aluminium Wire and 
Cable Co. Ltd., 2 St. James’s Square, London, S.W.1 

Non-destructive flaw detection with M.O.R. inks. Manchester 
Oil Refinery (Sales) Ltd., 76 Jermyn Street, London, S.W.1 

Site welding at Hunterston. Consolidated Pneumatic Tool Co 
Ltd., 232 Dawes Road, London, S.W.6. 

Magnetic particle inspection by dry or wet methods. Non- 
magnetic fluorescent penetrants Zyglo, Zyglo Pentrex, Zyglo 
Super Pentrex. Solus-Schall Ltd., 15-18 Clipstone Street, 
Great Portland Street, London, W.1. 

Sparks astray protect lives, jobs, property when cutting or 
welding. National Fire Protection Association, 60 Battery- 
march Street, Boston 10, Mass 

Rocker arm spot welding machines. Fully automatic flash butt 
welding machines. British Federal Welder and Machine Co 
Ltd., Dorland House, 14 Regent Street, London, S.W.1 

The technique of stovepipe welding. Instruction manual for the 
Arcair torch. Introduction to the Arcair process. Arcair welding 
carbon products manual. Arcair torch. The Arcair torch 
Lincoln Electric Company Ltd., Welwyn Garden City, 
Hertfordshire. 


Branson Instruments 


Designing for 


Air Reduction, 150 East 
S.A 


Ltd., Argyle 


and W. Young, I5Sa 


Another new Philips contact electrode, zircon iron powder for 
faster, easier contact welding and X-ray perfect welds, type 
C16. Philips Type C16 contact welding electrode. Philips 
Electrical Ltd., Century House, Shaftesbury Avenue, London 
W.C.2. 

Industrial X-ray films. Industrial radiography. Use of X-ray 
photography in the construction of pipelines. Gevaert-Photo 
Producten N.V. Mortsel, Antwerp. 

Different not difficult, welding, soldering, aluminium brazing 
Reynolds Metals Company, Richmond 18, Virginia. 








BANTAM PRICE DOWN 


For immediate demon- 
stration of this famous 
little cutting machine 
contact any of our 38 
branch offices 


BRITISH OXYGEN GASES LIMITED 


Industrial Division , Spencer House , 27 St. James's Place, London, S.W.1 
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interested in 


PRESSURE 
At See 


Then you will associate Jenkins of 

Rotherham with good welding. 

But what of Jenkins’ capacity? And the 

co-ordination of modern fabrication techniques 

that quicken delivery? And inspection methods for 
quality control? Jenkins service covers all your 
requirements and additionally provides enthusiasm 

for new, complicated projects. Consult us and see... 


NK I NS of Rotherham 


Welded fabrication and fusion-welded pressure 
vessels to the requirements of Lloyds Class 1, A.S.M.E., 
A.O.T.C. codes and similar specifications. 


WELDED PRESSURE VESSELS IN STAINLESS STEEL, MONEL, TITANIUM, HEAVY ALUMINIUM AND MILD STEEL. 


ROBERT JENKINS & CO. LIMITED, ROTHERHAM 
Telephone: 4201-6 (6 lines) 


° 
ane oo 


THE SIGN OF 
GOOD WELDING 


BRITISH WELDING JOURNAL 





SPRAY- 

FUSING 
MODERNISE D . “Stellite 

powder being 
HARDFEFACING... ) .. a cee gies 

to fusion by the 


The introduction of “Stellite’” powder in a 
orc 


1957 made possible the depositing of 

cobalt base alloys by the spray-fusing and 

powder welding techniques. These pro- 

cesses are an economical and extremely 

fast means of protecting components 

subjected to conditions of heat, abrasion -, 

and corrosion with the ‘‘Stellite’’ cobalt- : “ POWDER 

chromium-tungsten range of alloys. A eee ay ~~ gg 

smooth surface finish and sound metal- 6 seg , Q powder being 

lurgical bond is produced and the > ? an: eee One 
MR: sacs simultaneously 

processes are ideal for hardfacing a wide . fused by a 


powder welding 


variety of wearing parts with ‘‘Stellite”’ mers 





DE LORO Send for publications B.39 and B.40 
STELLITE 
The names * Deloro”’ and “ Steliste’’ are registered trade mar 


DELORO STELLITE LIMITED - HIGHLANDS ROAD - SHIRLEY - SOLIHULL - WARWICKSHIRE 
DELORO STELLITE DIV. OF DELORO SMELTING & REFINING CO. LTD. BELLEVILLE > ONTARIO - CANADA 


ADNO218 








The two mild steel heads for 
Dryers used in the paper-making 
industry are 12 ft in diameter 
and each weighs 2} tons. 

The sketch shows how the solid 
ring has been machined out and 
prepared to receive the shell 
plates. 

The segmental plates are pressings 
produced in our own works. 














Welding by OO} Es: 


JOHN BOOTH & SONS (BOLTON) LTD., HULTON STEELWORKS, BOLTON Telephone BOLTON 1195 
LONDON: 26 VICTORIA STREET, WESTMINSTER, SW.1. Telephone ABBey 7162 
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OFFER OF NEW MACHINE TOOLS 
FOR EARLY DELIVERY 


Owing to a change in their manufacturing programme, one 
of our customers has asked us to sel! the following 3 machine 
tools suitable for boiler and heavy fabrication work 


12x 1}" PLATE BENDING ROLLS 2000 TON VERTICAL 
This is a horizontal pyramid type rolls, fully motorised, includ- PLATE BENDING PRESS 


ing the removal of the end bearing for complete circle work 
4 COLUMN PRESS For producing drums from 10 ft. long x 2} in 


nachine is for dishing the ends of boilers and (2 Ra nr RRR A mild steel (Max.) in the cold state. This machine 


pressure vessels, and has an effective table area can preset both edges as well as automatically bend 
10 fc. square. The press is upstroking and the top The machines can be seen in operation at any time. We shall the complete circle. It is our latest patented 
table has 5-f adjustment with a maximum ver- be pleased to submit full particulars, drawings, and photo- design and has a much better performance than 


tical daylight of 10 fr graphs horizontal plate bending rolls 


HUGH SMITH & CO. (POSSIL) LTD. 


Tmo me ram itonhill Road Glasgow NN) eee 


The world’s foremost 


metal spraying specialists 


From the time that Metallisation introduced the process of Metal 

Spraying into Great Britain in 1922 they have continually led 

the field in research and development. The most recent introduction 

has been the Metallisation MARK 33 pisto! which incorporates in 

its design every noteworthy feature of the best in metal spraying 

tools. Metallisation, who have completed the largest metal 
spraying jobs in the world, also supply complete equipment 

or offer help and advice on metal spraying applications 


METALLISATION LTD., BARCLAYS BANK CHAMBERS, DUDLEY WO! ele Dodome wiley 5932/2 
¢ Chamber vidoe Stre u Telephone: Whiteball 2464 tland: Metallisats Scotland) |.td., Ballochmil: 1956 
rtrack Lane Industrial Estate, Stockton-on-Tees. Telephone: Stockton-on-Tees 6458 5 
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THE MATTHEW HALL GROUP OF COMPANIES 


are seeking the services of a senior 


WELDING ENGINEER 


Applicants must be fully conversant with up to date procedures for welding 
ferrous and non-ferrous pressure vessels, pipework and platework fabrications 
as used in chemical plants and oil refineries, etc. The successful candidate will 
be required to deal with metallurgical problems associated with welding 
dissimilar metals and to write up and prove welding procedures, and must be 
familiar with modern methods of weld inspection, training methods and 
operator testing for work in shop or field. 

Full knowledge of Lloyd's, British Standards and A.S.M.E. requirements 
for manual are oxyacetylene and inert gas welding is also necessary. 

Preference will be given to men who have B.Sc. (Eng.) degree and have 
received practical training in production shops. An excellent salary will be 
offered and the position offers good prospects. 

Please write giving full details of training and experience to the General 
Manager. 


MATTHEW HALL & CO. LTD 
26 Dorset SQUARE, LONDON NWI 


CLASSIFIED 
ADVERTISEMENTS 





BRAND NEW OIL-IMMERSED 
OXFORD ARC WELDING 
TRANSFORMERS WILL GIVE 
YOU A LIFETIME OF 
SERVICE. 
Fully guaranteed sets—110 amp £25, 180 
amp £45, 250 amp £71, 300 amp £85, 350 
amp £99 10s., 450 amp £135, etc. Also Two- 
operator 180, 250 and 300 amp Models, 
ex stock. 


Send for leaflets and booklet from Britain's 
largest electric welding plant stockists. 
Cc. G. & W. YOUNG 
1SA COLNE ROAD, TWICKENHAM. 
POP. 5168 














EMPYRIUM 
WELDING & MANUFACTURING CO. LTD 


We produce fabrications, pressure vessels and chemical plant. We 
regard ourselves as a progressive Company and an additional factory to 
handle components up to 100 tons is being built. 

The following appointments call for men of the highest calibre and 
carry appropriate salary and conditions. 


WORKS MANAGER 


Wide experience of the above work, a strong personality and ability 
to handle labour are obvious requirements. Technical qualifications, 
experience of incentives and cost control would prove an advantage. 
The real essential, however, is for a man with sound practical experience 
and the drive and ability to improve output whilst producing work of 
an increasingly high standard. 

Age from 35 to 45 years. 


WELDING ENGINEER 


He will liaison with design and manufacture and be concerned with 
methods and cost reduction. We are seeking a man in the 30 to 50 age 
range with wide experience and an active mind. 

An academic qualification in Metallurgy or Science would be an 
advantage. 


Applications with an indication of salary required to: 


Works Director, 

Empyrium Welding & Mfg. Co. Ltd., 
Pritchett Street, 

Aston, Birmingham, 6. 











Clean, fused, Unionmeit flux available, up to 2,000 Ib 
per week. Midlands. Box No. 242. 





LINCOLN 
300 amp. 
DIESEL 


MOORE’S PLANT LTD. 
105-129, MARKFIELD ROAD TOTTENHAM LONDON W.15 


RING TOTTENHAM 040! 





One “Holmes” 400/3/50, 48 h.p., five operator 
150 amp, ny y Generating Set; 

75 kVA, Spot & Butt Welder; Li 

22-5 kVA, Atomic 7 fa oe a 

duty “Birtly’’ 400/3/50 elding _ with 
52 in. square plate; also large stocks of Stainless 
fee me be gem 8, 10, 12, 14's gauge by 
Murex, Rockweld, and Quasi-Arc; ‘all new in maker's 
original packing. yi available. Low prices. 


WOODFIELD & TURNER LTD. 
Cannon Street, Burnley. Tel: 78134 


WHY sss 
ENTWELD 


arc welding transformers 
purchased by the Hirers? 
15 YEARS SERVICE 
has PROVED Rentweld dependability. 


TODAY Rentweld value is 
STILL unsurpassed. 


ENTWELD LTD., 


94 CAMDEN RD., LONDON, 
ine GUL 6006/7/8  “-W-!- 














CRAIG AND DONALD 
PRESS BRAKE 


For Sale 


10 ft « } in. Pressure 400 tons. All steel con 
struction. Model 400/10. Motorised with 
50 h.p. motor suitable for 400/3/50 


F. J. EDWARDS LIMITED 


359 Euston Roap, LONDON, n.w.! 
Euston 4681 or 


41 Water Lane, BIRMINGHAM 3. Central 7606 
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Solve your 
production problems 


with Philips AUTOMATIC CO, bare wire 
welding process is now available for 

OM i Li Ps immediate delivery in Britain. 
With this machine you can speed up 


° mass production of welded parts, 
bare wire 


for example main chassis members, 

‘ e bottled gas cylinders, car wheels. 

CO2 welding machine And you can get welds protected from 
=—— nitrogen and hydrogen by an 

atmosphere of CO, — which costs 

only a fraction of the price of 

argon. The absence of coating reduces 

the absorption of hydrogen, too. 


Welds very wide range of steel grades. 
Needs no stocks of expensive powders. 
Cuts labour costs by welding faster, 
requiring little attention in repeat 
operations. 

Welds are homogeneous 

with deep and even penetration. 

Arc is self-regulating . 

Nitrogen and hydrogen content low 
— no nitrogen porosity. 


Philips Automatic CO, 
welding machine 


provides automatic wire and CO, feeds 
Travelling carriage moves along rails 
at speed set by operator. Water-cooled 
nozzle independent of main water 
supplies. Single control lever engages 
wire feed, switches on carriage 

motor and arc. 


Component parts and finished vehicle 
chassis side member welded by Philips 
CO, process. (Photo by courtesy of John Se 
Thompson Motor Pressings Ltd.) CO, welding, and about Philips 

Automatic welding machine (a product 


of N.V. Philips, Eindhoven) write to: 


For further information about Philips 


Sole Distributors in the U.K.: 


RESEARCH & CONTROL INSTRUMENTS LTD. 


207 King’s Cross Road, London, W.C.1. Telephone : TERminus 2877. 


(Piojit) 


Inside back cover 























for accurate and 
efficient gas control 


y.Waren tb wiley ane) W420 Mele) sa we) apse): etme) ol-puchoeelss 

efficiency and—in turn— minimum profluction 

costs. Whenever you work with gases, you can 
t your production costs by using a regulator 


from the complete BRITISH OXYGEN range. 


British Oxygen Gases Limited 


3PENCER HOUSE ° 27 ST. JAMES’S PLACE 
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